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^ECTION  I 


CTION 

fhis  report  is  concerned  with  the  shock  motion  produced  aboard 
the  target  ships  by  the  Able  and  Baker  test  explosions.  Measurements 
of  shock  motion  are  of  prime  interest  in  order  to  determine  the  motions 
and  forces  to  which  shipboard  equipment  is  subjected. 

Approximately  SI  5  shock  measurement  gages  were  instaUedqp. 
nine  4®Tdestroyers,  eight -fefsubmarines,  two  (ftfcruiders,  three tyf'' 
battleships,  and  three  4®/attack  transports.  Each  gage  gas  placed  at 


an  actual  or  potential  location  of  shipboard 
board,  electronic  gear,  radar  antenna,  etc.] 
leg  some  characteristic  of  the  shock  motic 
velocity-time  curve,  frequency-response 
types  of  gages  were  used: 


ment  (turbine,  switch- 
the  purpose  of  measur- 
(l.e?^>e^k  acceleration, 
lectrum,  etq.).  The  following 


gage. 

Number  Used 

SypoM 

Putty  Gage 

176 

G 

Multi-Frequency  Reed  Gage 

47 

R' 

Motorized  Reed  Gage 

18 

R” 

Velocity  Meter 

20 

V* 

IndentMrGage 

4.6 

Q 

■SfflJck  Displacement  Gage 

8 

0 

The  material  In  this  report  is  arranged  according  to  the  follow¬ 
ing  outline: 

Section  II  is  a  discussion  of  the  theory,  description,  and  accuracy 
of  the  various  gages. 

Section  m  is  a  discussion  of  the  overall  plan  or  philosophy  of 
the  gage  locations. 

Section  IV  is  a  detailed  ship-by-ship  description  of  individual 
gage  locations  and  presentation  of  the  data  for  each  gage.  The  group 
of  data  for  each  ship  is  followed  by  a  discussion  of  that  data. 

Section  V  is  a  discussion  of  all  the  data  and  a  comparison  of 
the  data  from  different  ships. 

Section  VI  presents  the  conclusions  drawn  from  the  tests. 
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SECTION  n 


GAGE  CHARACTERISTICS  * 


Putiy  Gage. 

The  putty  gage  is  a  mechanical  instrument  designed  to  measure 
the  maximum  value  rtf  the  acceleration  to  which  it  is  subjected.  The 
disgramatic  sketch,  Figure  1,  shows  the  major  features  of  this  gage. 
In  the  sketch,  Part  1  is  a  weight  which  is  pressed  against  the  top  of 
the  gage  frame,  3,  by  the  pre compression  of  the  spring,  2.  An  extent 
den  of  the  weight  has  a  conical  point  which  is  about  .001  inch  from 
the  surface  of  the  plasticine  (putty)  insert  4. 


i 


Figure,  i  -  Single  Element  of  Puttg  G^oe. 


i 

V 


c 


When  the  frame  is  accelerated  in  the  direction  indicated  by 
the  arrow,  the  acceleration  and  motion  of  the  weight  will  be  identical 
to  that  of  the  frame  a a  long  as  the  force  exerted  by  the  spring  exceeds 
the  Inertia  force  of  the  weight  against  the  spring.  At  some  critical 
acceleration,  the  weight  can  no  longer  be  held  against  the  frame  and 
it  will  then  indent  the  putiy.  For  gradually  applied  acceleration,  the 

critical  acceleration,  Ac,  is  given  by  the  equation  //_  c  . 

where  1%  and  Mg  are  the  mass  of  the  weight  and  ^  /7i 

spring,  respectively,  and  Fs  is  the  precompression  force  of  the  spring. 

*  The  theory  of  some  of  these  gages  is  taken  in  part  from  Reference 
1.  An  addition  to  Reference  1  will  contain  the  discussion  of  inis  section 
In  more  complete  form.  The  References  are  listed  at  the  end  of 
Section  m. 
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The  plasticine  inserts  were  in  a  plastic  disk  so  keyed  to  the 
frame  that  the  inserts  could  be  Identified  after  removal  of  the  disk 
from  the  instrument.  The  gages  were  read  by  measurement  with  a 
travelling  microscope  of  the  diameter  of  the  indentations  which  had 
been  made  in  the  inserts.  The  maximum  acceleration  of  the  gage  a* 
assumed  to  lie  between  the  larget  critical  acceleration  of  those 
elements  whlck  made  indentations  and  the  lowest  critical  acceleration 
of  those  elements  which  did  not  make  Indentations.  The  accelerations 
reported  are  interpolations  between  these  two  values  based  upon  the 
size  of  the  indentations  made. 

Each  putty  gage  used  in  the  tests  had  eight  elements  with 
critical  acceleration  values  ranging  from  20  to  2500  g.  (g  is  the 
acceleration  of  gravity.)  In  order  to  concentrate  the  critical  aceler- 
attens  of  a  gage  in  the  neighborhood  of  the  expected  reading,  two 
ranges  of  critical  acceleration  were  standardized  upon.  These 
accelerations  are  tabulated  in  Column  1  of  Tables  I  and  II. 

TABLE  I 


1 

Low  Range  Putty  Gages 

2  3  4 

5 

Ac/A 

6 

Aq/A 

Element 

Ac 

T 

*s 

mj/mw 

far 

far 

No. 

(g) 

(Milliseconds) 

c.p.s. 

T</T=l  Tc/T»; 

1 

20 

1.38 

362 

.070 

.66 

.88 

2 

50 

1.38 

362 

.070 

.77 

.95 

3 

90 

1.02 

490 

.214 

.77 

.95 

4 

150 

1.02 

490 

.21a 

.85 

.97 

5 

300 

0.52 

970 

.519 

.74 

.94 

6 

70® 

0.52 

970 

1.58 

.88 

.98 

7 

1200 

0.52 

970 

1.58 

.92 

.98 

8 

1800 

0.52 

970 

1.58 

.96 

.99 
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TABLE  H 


High  Range  Putty  Gages 

5  6 


Element 

No* 

1 

2 

3 

4 

Aq/A 

Ac/A 

aS 

T 

(Milliseconds) 

*8 

c.p.s. 

Ma/Mv 

ter 

Tc/T-1 

ter 

To/T-1 

1 

50 

1.38 

362 

.070 

.77 

.95 

2 

100 

1.02 

490 

.214 

.79 

.95 

3 

300 

.52 

970 

.519 

.74 

.94 

4 

650 

.52 

970 

.519 

.87 

.98 

6 

1000 

.52 

970 

.519 

.91 

.98 

6 

1500 

.52 

970 

1.58 

.94 

.985 

7 

2000 

.52 

970 

1.58 

.97 

.99 

8 

2500 

.52 

970 

1.58 

.98 

.995 

ACCURACY  OF 

THE  PUTTY  GAGE 

The  assumption  of  a  gradually  applied  acceleration  in  cal¬ 
culation  cf  the  critical  acceleration  is  not  valid  for  shock  motions 
when  the  time  required,  for  severe  fluctuations  of  the  acceleration 
i&  of  the  same  order  of  magnitude  as  the  transit  time  of  a  stress 
wave  through  the  spring.  The  curves  of  Figures  2  and  3  Indicate 
the  magnitude  of  the  error  to  be  expected  when  an  acceleration 
pulse  is  short.  In  each  curve  Aq  is  computed  by  the  formula,  of 
page  2;  A  is  the  actual  peak  acceleration  of  the  gage  frame; 

T  is  the  time  required  for  a  longitudinal  stress  wave  to  pass  from 
one  end  of  the  spring  to  the  other;  T0  is  the  duration  at  the  pulse; 
and  Ms/Mw  is  the  ratio  of  the  .mass  of  the  spring  to  that  of  the 
weight.  T  and  Ms/M^  are  listed  in  Columns  2  and.  4  of  Tables  I 
and  H.  These  curves  were  derived  theoretically,  using  the  assump¬ 
tion  that  Indentation  of  the  pu  tty  occurred  as  soon  as  the  weight  lost 
contact  with  the  frame.  Actually,  the  clearance  between  the  cone 
point  an  the  weight  and  the  putty  surface  is  about  .001'%  which 
causes  too  low  a  reading  for  short  duration  pulses  of  acceleration. 
The  only  analyses  available  consider  the  two  effects  separately. 

The  effect  of  clearance  alone  Is  Indicated  in  Tables  I  and  JL  by 
Column  5  (A^/A  when  Tq/T«1)  for  a  half-sine  pulse,  and  Column 
6  (Ac/A  when  Tq/T=1)  for  a  square-wave  pulse.  If  the  two  effects 
were  combined,  vre  would  have  curves  resembling  those  of  Figure 
2  and  3  except  Ac/ A  would  be  closer  to  1  in  the  region  T(j/T>2 
and  A<j/ A  would  be  very  small  as  Tq/T  approaches  zero. 
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Tims  the  putty  gage  shows  good  accuracy  for  Tj/T  >  2  and 
reads  to  low  for  shorter  pulses,  Fortunately,  the  stress  produced  la. 
equipment  is  not  proportional  to  acceleration  when  the  pulse  duration 
is  much  shorter  than  the  natural  period(s)  of  Tlbratian  of  the  equip* 
meat,  hut  is  more  nearly  proportional  to  the  velocity  change  produced 
hy  the  pulse.  For  this  reason,  an  acceleration  of  1000  g.  of  duration 
1/2  millisecond  will  produce  only  slightly  higher  stress  in  most 
equipment  than  500  g.  of  1  millisecond  duration.  Therefore,  the 
occurrence  of  low  readings  for  short  pulses  are  not  of  yreat  practical 
significance. 

A  large  error  can  be  caused  if  resonant  vibration  of  a  putty 
gage  spring  is  induced  to  transient  vibration  of  the  supporting  structure. 
There  resonant  frequencies,  Fg,  are  odd  integer  multiples  of  the  values 
in  Tables  I  and  It,  Column  S.  There  seems  to  be  no  reason  why  the 
stress  fluctuation  in  the  spring  cannot  built  up  to  a  value  equal  to  the 
precompression  of  the  spring,  In  which  case  an  acceleration  of  less 
than  one  half  Ac  will  cause  indentation.  The  occurrence  of  resonance 
Is  expected  to  have  been  rare  and,  in  order  for  it  to  be  misleading,  it 
had  to  permit  premature  indentation  of  particular  elements.  For 
example,  if  plungers  1,  2,  3,  and  7  of  a  gage  showed  indentation,  Number 
V  would  have  been  ignored.  Also,  resonance  in  spring  number  1  is  in* 
significant.  Thus,  while  resonance  can  cause  large  errors,  such 
errors  ^re  the  result  of  a  coincidence  and  therefore  must  have  occurr¬ 
ed  in  only  a  few  gages. 

Accidental  indentation  could  have  occurred  in  the  two  weeks 
prior  to  and  after  tests  during  which  the  gages  were  being  installed 
or  serviced  at  their  test  locations.  Two  cases  of  accidental  indenta¬ 
tion  were  found  and  corrected  just  prior  to  the  Baker  test,  one  due  te 
straightening  of  some  bulkheads  of  a  destroyer- with  a  sledgehammer 
and  one  due  to  firing  of  a  small  test  charge  near  ar.  APA.  The 
chance  that  large  errors  due  to  jolting  of  structure  near  installed 
gagB®  occurred  is  believed  to  be  small.  Except  in  the  case  of  the 
small  test  charge,  accidental  indentations  which  were  found  did  not 
exceed  100  g. 

The  error  in  interpolating  between  the  critical  accelerations 
of  the  plungers  probably  did  not  exceed  +25  per  cent  of  the  interval 
between  successive  critical  accelerations.  The  putty  gages  were 
usually  in  a  group  of  other  types  of  gage  and  .their  readings  can  be 
checked  against  those  of  the  read,  lndenter,  and  velocity  gages. 
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EKED  GAGE. 


A  nmlfi-frequency  reed  gage  contain*  eight  flat  spring  steel 
Strips,  each  of  which  is  firmly  clamped  to  the  gage  frame  at  amend 
and  has  a  brass  weight  fixed  to  the  other  end.  The  fundamental  natural 
frequencies  of  vibration  of  these  reeds  are  20,  40,  10%  210,  546, 430, 
670,  and  920  cycles  per  second,  respectively.  Motion  of  the  reed  tip 
Matirv  to  the  gage  frame  is  marked  on  a  sheet  of  waned  paper  fixed 
te  the  frame  by  means  of  scriber*  which  are  fixed  to- the  reed  tip.  The 
record  on  the  paper  that  shews  the  maximum  deflection  of  the  reed 
tip  op  and  down  from  its  neutral  position. 


The  significance  of  the  reed  gage  data  is  derived  from  the 
theory  of  the  response  of  complex  elastic  (linear)  structures  to  a 
given  shock  motion  of  the  foundation  of  the  structure.  References 
land  2  Shew  that  the  distortion  of  the  elastic  structure  may  be  con¬ 
sidered  to  be  made  up  by  superposition  of  the  natural  modes  of 
vibration  of  the  structure.  Also,  the  amplitude  of  each  mode  depends 
duly  upon  the  natural  frequency  of  the  mode,  a  factor  depending  upon 
where  the  shock  motion  is  introduced,  and  the  shock  motion.  If  the 
elastic  distortion  of  a  single-degree-  of-freedom  system  of  a  certain 
natural  frequency,  4,  for  a  given  shock  motion  is  known,  the  dis¬ 
tortion  of  a  mode  ofa  complex  system  which  has  the  same  natural 
frequency  can  be  found.  Thus,  the  reed  gage  records  Indicate  the 
effect  of  the  shock  upon  simple  structures  and  comparison  of 
records  from  different  locations  indicated  the  relative  damage 
capacity  of  the  shock  at  the  different  locations. 


The  reed  gage  record  is  plotted  in  this  report  as  the  ratio  of 
maximum  Up  deflection  to  static  deflection  versus  reed  natural  fre¬ 
quency.  This  is  usually  called  a  frequency-response  carve.  The 
Static  deflection  of  a  reed  is  determined  from  its  natural  fre¬ 
quency  fa  by  the  formula  4  *  41  ^  and  the  maximum  tip  de~ 
flsctte  x  up  and  down  for  each  reed  is  measured  from  the  record. 
The  ratio  */<Q  corresponding  to  a  particular  4  then  is  the  max¬ 
imum  number  of  '  V*  which  a  simple  system  having  the  same  % 
wadd  be  subjected  to  ty  the  shock. 


The  nature  of  the  shock  itself  can  be  partially  reconstructed 
from  the  reed  gage  record  by  comparing  the  frequency-response 
Carve  with  the  known  curves  for  certain  simple  shocks.  An 
“equivalent”  simple  Shock  which  will  produce  roughly  the  same 
^quCncy-response  curve  can  thus  be  selected.  The  value  which 
x/£  approaches  as  f^  approaches  Infinity  is  the  peak  acceler¬ 
ation  of  the  shock.  Since  the  reed  gage  is  very  inaccurate  for  high 
Values  of  fa,  this  fact  has  been  used  to  improve  the  accuracy  of 
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the  ciinre  In  this  region  by  plotting  the  peak  acceleration  found  by  an 
adjacent  putty  gage  at  about  ^  =  1000  cps. 

The  value  of  f^  at  a  maximum,  value  of  */&  Indicates  the  . 
predominant  frequency  of  the  shock.  Study  of  the  frequency  response 
curve  for  several  types  of  simple  shocks  illustrated  In  reference  4 
shows  that  the  predominant  frt  quency  is  approximately  equal  to  the 
reciprocal  of  twice  the  duration  of  a  single-pulse  shock  (half-sine 
wave,  square  wave,  triangular  wave,  etc.,  of  acceleration)  or  is 
equal  to  the  frequency  when  the  shock  Is  a  steady  or  transient 
vibration.  The  predominant  frequency  found  for  a  reed  gage  on  the 
shell  of  a  ship  should  approximate  the  reciprocal  of  twice  the  dura¬ 
tion  of  the  explosion  pressure  wave.  The  predominant  frequency 
for  interior  locations  In  the  ship  will  be  lower  and  Indicate  to  what 
/-■'  extent  the  intervening  structure  acts  as  a  “shock  mount'"  for  Interior 

v  -  equipment. 

In  addition  to  the  frequency-response  curves,  the  20  and  40  cycle 
reed  amplitudes  are  tabulated  because  they  approximate  the  amplitude 
to  be  expected  of  shock  mounted  equipment  and  thus  supplement  the 
lead  (x)  gage  measurements. 

ACCURACY  OF  REED  GAGES 

There  are  several  possible  sources  of  deviation  of  reed  gage 
performance  from  the  theoretical  ideal.  Most  important  is  the  In¬ 
accuracy  of  measurement  of  the  records.  From,  experience  in 
measuring  these  records,  it  is  estimated,  that  an  accuracy  of  +  .017 
/  is  the  bpst  possible.  The  error  in  the  curves  plotted  is  therefore 

+  .01/ 4  .  Since  4  decreases  rapidly  with  increasing  fn,  the  error 
probably  amounted  to  several  hundred  percent  for  the  highest 
frequency  reed.  The  probable  error  Is  tabulated,  below  for  each  reed. 


in 

Error  In  g 

fp. 

Error  in 

20 

.41 

345 

123 

40 

1.64 

430 

189 

100 

10.4 

570 

332 

210 

45.2 

920 

868 

As  mentioned  before,  the  reading  of  an  adjacent  putty  gage  has  been 
plotted  on  each  frequency  response  curve  to  Indicate  the  value  of 
x/<&  which  the  high  frequency  reeds  should  approach. 
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In  a  few  cases,  the  amplitude^  the  low  frequency  reeds  was 
sc  great  that  the  seribers  went  off  the  edge  of  the  recording  paper. 
This  Is  noted  on  the  curves  for  the  reeds  to  which  this  happened.  The 
points  plotted  represent  the  distance  to  the  edge  of  the  paper.  The 
actual  y/<Q  was,  of  course,  greater  than  that  plotted. 

The  reeds  are  not  pure  single-degree-of- freedom  systems 
as  is  required  by  theory  since  they  have  many  natural  frequencies 
above  the  fundamental  and  they  are  nonlinear  at  high  amplitudes. 

The  record  of  motorized  reed  gage  R”S  of  the  DD408  on  test  Baker 
shows  clearly  an  example  of  simultaneous  excitation  of  two  natural 
frequencies  of  the  20  cps  reed.  The  next  higher  natural  frequency 
observed  is  estimated  from  this  record  to  be  S50  cps.  Due  to  the 
high  ratio  of  the  higher  frequencies  to  the  fundamental,  and  as  the 
displacements  caused  by  the  higher  frequencies  are  small,  it  is 
assumed  that  the  contribution  of  higher  harmonics  to  a  reed  is 
negligible. 


It  is  known  that  the  assumption  that  the  reed  tip  deflection 
Will  be  the  same  as  the  deflection  of  a  mass- on- weightless-spring 
system  of  the  same  natural  frequency  is  not  valid.  This  error  is 
in  addition  to  the  effect  described  in  the  preceding  paragraph  and 
Is  due  to  the  fact  that  the  scrlber  is  located  at  the  center  of  the 
brass  weight  while  the  point  at  which  the  mass  should  be  con¬ 
sidered  to  be  concentrated  is  closer  to  the  base  of  the  reed.  This 
error  increases  as  the  mass  of  the  reed  becomes  larger  relative 
to  that  of  the  brass  weight  The  readings  used  in  this  report  are  all 
actual  reed  deflections  and  are  therefore  larger  than  would  have 
occurred  with  the  more  theoretically  desirable  mass-on-weightless- 
spring  system.  Factors  by  which  the  reed  deflections  should  be 
multiplied  to  convert  to  the  simple  mass-spring  system  deflections 
have  been  obtained  from  experiments  subjecting  a  reed  gage  to 
known  simple  shocks.  While  these  factors  may  be  subjected  to  re¬ 
vision,  they  are  tabulated  below  in  Table  HI  to  indicate  the  relative 
magnitude  of  error  only.  It  Is  of  interest  to  note  that  the  factor 


JtL 

Factor 

i 

Factor 

20 

345 

.68 

40 

.94 

430 

.65 

100 

.86 

570 

.68 

210 

.78 

920 

.614 

for  the  first  mode  of  a  simple  cantilever  (no  brass  weight)  is,  by 
thsory,  equal  to  .64.  The  effect  of  the  higher  modes  would  be  to  make 
this  factor  somewhat  greater. 
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The  motion  of  the  reeds  was  damped  by  the  friction  of  the  waxed 
paper  which  tended  to  reduce  the  reed  amplitude,  particularly  in  the 
case  of  resonance  of  a  reed  frequency  with  a  transient  vibration.  The 
amount  of  damping  is  indicated  on  motorized  reed  gage  records  at  the 
end  of  Section  IV,  which  were  made  by  dropchig  the  gage  onto  a  heavy 
steel  anvil.  Measurement  of  the  decremenv&iat  the  decrement  per 
cycle  is  independent  erf  amplitude,  which  is  characteristic  of  Coulomb 
damping.  Typical  measurements  are  tabulated  below  in  Table  IV 
for  those  reeds  which  could  be  measured. 


t 

V* 


s 


TABLE  TV 

fn 

Decrement/  cycle 

Decrement 

inches 

W.gec,„ 

20 

.132 

2.65 

40 

.115 

4.60 

100 

.014 

1.40 

210 

.004 

.82 

The  reed  gages  had  about  the  same  chance  for  accidental 
excitation  as  the  putty  gages. 

MOTORIZED  REED  GAGES 

The  motorized  reed  gages  are  identical  to  the  reed  gages, 
just  described,  except  that  the  spools  of  recording  paper  had 
electric-motor  drives  which  were  started  just  before  the  test 
explosions.  The  records  obtained  showed  the  variation  of  reed 
amplitude  with  time.  The  time  scale  was  not  recorded  separately 
on  the  paper  but  could  be  estimated  from  the  transient  vibrations 
of  the  reeds. 

The  records  obtained  were  used  to  plot  frequency-response 
curves  just  as  was  done  with  the  non-motor ized  gages.  Some  of 
the  more  interesting  records  are  reproduced  in  Section  IV. 

The  accuracy  of  the  motorized  reed-gage  record  is  the 
same  as  for  non-motor  ized  reed  gage  except  no  error  due  to  ac¬ 
cidental  excitation  could  occur. 
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INDENTER  GAGE 


The  ladenter  gage  was  designed  as  a  peak-reading  accelero¬ 
meter.  Figure  4  shows  the  essential  details  &f  such  a  gage.  The  mass 
M  is  guided  by  case  C  and  rests  against  the  hardened  steel  pins  B. 

The  end  of  B  in  contact  with  M  is  cut  off  square,  but  the  other  end 
has  a  90*  conical  point  and  just  contacts  the  flat  surface  of  a  soft 
aluminum  plug  P. 


Ftqure  4 

o  ♦ 


When  the  case  C  is  accelerated  up  or  down,  the  inertia  of  M  causes 
a  cone  point  to  be  pressed  into  its  aluminum  plug.  It  has  been  shown 
far  static  tests  that  the  depth,  d,  of  penetration  of  the  cone  point 
into  the  aluminum  is  related  to  the  applied  force  F  by  the  formula 
F  =  Rd^  where  R  is  an  empirical  constant.  Further,  the  depth  of 
penetration  Is  uniquely  related  to  the  crater  diameter  of  the  impres¬ 
sion.  Assuming  that  the  static  law  F  *  Rd2  applies  under  dynamic 
loading  conditions,  we  can  find  the  peak  acceleration  of  the  mass  M 
from  a  measurement  of  crater  diameter  and  a  curve  of  F/M  versus 
crater  diameter.  However,  we  are  interested  in  the  peak  accelera¬ 
tion  of  the  gage  case,  not  that  of  the  internal  mass.  While  the  two 
are  equal  for  a  gradually  attained  steady  acceleration,  they  can  be 
very  different  for  rapidly  fluctuating  accelerations. 

A  theoretical  analysis  of  an  indenter  gage  with  values  of  M 
and  R  the  same  as  those  far  the  gages  used  at  Bikini  has  been  made 
by  Dr.  Paul  Symonds  of  NRL  for  the  case  when  the  gage  base  under¬ 
goes  a  half-sine  wave  pulse  of  acceleration  with  a  peak  value  of  Ap 
and  a  duration  T.  The  curves  resulting  from  this  analysis  are  shown 
in  Figure  5. 
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The  gage  reading  la  too  low  lor  T<  1/2  millisecond  and  la  about  2*1/2 
time*  too  high  f qr  T  in  the  vicinity  of  1-4  milliseconds.  At  larger 
value*  of  T,  the  reading  approaches  the  true  value. 

When  the  shock  consists  of  a  transient  vibration,  It  can  be 
readily  seen  that  the  mass  M  will  lose  contact  with  the  pin  as  soon 
as  the  acceleration  of  the  base  reverses  Its  direction.  The  mass  will 
“rattle”  back  and  forth  between  the  pins  a  large  number  of  times. 
Each  impact  is  theoretically  capable  to  increasing  the  indentation 
of  the  aluminum  regardless  of  how  large  it  may  be  already.  There¬ 
fore,  no  theoretical  upper  limit  can  be  placed  on  how  much  too  high 
the  gage  will  read. 

In  the  gage  used,  the  central  mass  M  was  supported  by  six  • 
pins  rather  than  two  so  that  the  peak  acceleration  of  the  mass  would 
be  recorded  in  both  directions  for  each  of  the  three  rectilinear  axes 
of  the  gage.  The  orientation  of  the  gage  axes  relative  to  those  of  the 
Ship  were  recorded.  The  data  tabulated  for  a  gage  gives  the  peak 
acceleration  of  the  maa«  calculated  by  the  method  outlined  above  . 
for  each  of  six  directions.  Each  direction  gives  the  bearing  and 
elevation  of  the  acceleration  vector.  It  was  not  possible  to  convert 
these  vectors  into  a  set  parallel  to  the  principle  axes  of  the  ship 
because  it  was  not  deteisninable  whether  these  vectors  were  com¬ 
ponents  of  some  diagonal  vector  or  were  the  principle  vectors  of  a 
shock  whose  direction  of  motion  changed  with  time. 

ACCURACY  OF  THE  INDENTER  GAGE 

It  has  been  shown  in  the  preceding  paragraphs  that  the  in- 
denier  gage  may  be  inaccurate  for  shock  motion  of  the  type  be 
expected.  It  should  be  noted  however,  that  the^pge  will  always 
read  too  high  unless  (1)  T<  1/2  millisecond,  cavif  the  force  requir¬ 
ed  far  indentation  is  greater  for  dynamic  than  for  static  loads. 

It  is  believed  that  T  was  not  less  than  1/2  milliseconds  at  the 
locations  where  indenter  gages  were  placed.  For  Baker  shot,T 
would  certainly  be  greater  than  5  milliseconds  at  the  locations 
(in  superstructure  areas)  of  the  indenter  gages.  For  Able  shot, 
where  the  blast  duration  was  in  the  order  of  a  second,  it  would 
also  be  expected  that  T  would  be  greater  than  5  milliseconds.  The 
error  involved  in  above  statements  will  be  overshadowed  by  the 
Other  errors  already  discussed. 

Another  source  of  error  was  the  fact  that  some  indenta¬ 
tion  was  unavoidable  during  assembly  of  the  gage.  These  usually 
correspond  to  about  20  to  50  g  so  one  can  be  reasonably  certain 
that  readings  over,  say,  100  g  were  due  only  to  shock. 
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It  should  be  concluded  that  the  values  of  acceleration  determined 
from  laden  ter  gage  readings  were  somewhat  greater  than  the  actual 
peak  accelerations  far  associated  frequencies  less  than  1000  cps. 

SHOCK  RECORDING  GAGE 

The  shock  recording  gage  is  essentially  equivalent  to  a  refined, 
single-element,  motorized  reed  gage.  As  shewn  in  the  photographs 
($83-28 0)  of  the  Installed  gages,  a  mass  and  coil-spring  system  is 
used  Instead  of  a  reed,  and  motion  of  the  mass  relative  to  the  gage 
frame  is  marked  on  a  strip  of  wared  paper  which  Is  drawn  under  the 
stylus  by  a  motor-driven  spool.  Time  intervals  are  Indicated  by 
firing  a  spark  through  the  paper  at  about  ten  millisecond  Intervals. 

A  detailed  'analysis  of  these  records  cannot  be  made  at  this 
time*  The  acceleration- time  curve  of  the  gage  basemay  be  obtained 
from  the  record  by  application  of  the  equation  X  »  Wgu  +  u,  where  X 
is  the  acceleration  of  the  base,  w  is  the  natural  frequency  of  the  mass- 
spring  system  in  radians  per  second,  u  is  the  relative  motion  recorded 
by  the  meter,  and  ii  is  obtained  by  double  differentiation  of  u  with 
respect  to  time.  Formulas  for  the  velocity,  X  =  W  j  udt  ^u,  or  the 
displacement,  X  *  W udt  dt-f  u,  may  be  used  if  preferred.  Copies 
of  some  of  the  records  are  included  In  this  report  In  Section  IV\ 

VELOCITY  METER 

The  velocity  pickup  used  was  originally  designed  by  the 
British  and  was  extensively  used  on  their  “Cameron"  trials.  Modi¬ 
fications  of  this  instrument  were  made  by  the  David  Taylor  Model 
Basin  group  and  a  more  detailed  description  of  this  instrument  can 
be  found  In  their  reports.  The  essential  features  of  the  unit  are 


Pickup  coil,  attached  TO 
FRAME  or  THE  UNIT. 


Ma&net  s oit mic Ally  mount au 


Figure,  b.  '  British  Velocity  Meier/' 
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•  Illustrated  in  Figure  6.  The  velocity  pickups  and  their  recording 
systems  reported  here  were  operated  by  personnel  from  the  Bureau 
ctf  Ships  and  from  the  Norfolk  Navy  Yard. 

The  system  of  recording  employed  was  frequency  modulation  of 
the  signal  impressed  on  a  wire  recorder.  A  central  or  carrier  frequency 
of  about  4500  cps.  was  used.  The  system  of  recording  and  the  velocity 
meter  were  capable  of  responding  with  reasonable  fidelity  between  a 
frequency  range  extending  from  about  10  cps  to  over  1000  cps.  However, 
it  is  evident,  from  the  study  of  the  records,  that  the  wire  in  passing 
through  the  recorder  suffered  transient  longitudinal  vibrations  which 
effectively  caused  a  considerable  background  frequency  modulation  to 
be  impressed  upon  the  record.  This  background  was  generally  between 
15  to  25  per  cent  of  the  full  scale  deflection.  As  a  result,  only  records 
for  which  the  real  velocity  changes  were  greater  than  2&per  cent  of 
full  scale  were  noticeable  as  such.  For  records  in  which  full  scale  de¬ 
flection  occurred,  the  error  Is  estimated  to  be  no  greater  than  25  per 
cent.  It  should  be  remarked  that  the  principal  of  recording  is  excel¬ 
lent  and  should  afford  good  results  if  employed  with  a  recorder  built 
with  this  method  in  mind. 

In  inspecting  the  velocity  meter  records,  the  effect  of  the 
springs  and  bottoming  of  the  magnet  must  be  considered.  The  springs 
cause  a  low  frequency  oscillation  of  the  record  at  less  than  10  cps. 

When  the  magnet  bottoms  against  the  base  of  the  meter,  a  sudden 
reversal  of  the  signal  occurs  which  Is  rather  easy  to  detect.  The 
Stop  in  the  other  direction  is  the  relatively  flexible  top  of  the  meter 
cover  which  reverses  the  signal  in  a  time  which  is  not  short  re-  ,, 
lative  to  the  shock  motion  changes.  The  magnetic  field  at  the  pickup 
coil  drops  from  full  strength  to  about  50  per  cent  of  full  strength  as  . 
the  magnet  moves  through  the  last  1/8”  to  the  top  stop.  The  effect  ctf 
this  is  to  make  the  meter  cover  seem  even  more  flexible  and  make 
this  bottoming  difficult  to  detect.  The  magnet  bottoms  after  travel¬ 
ling  zero  or  two  inch  (nominal  travel  between  stops)  after  a  previous 
bottoming.  The  travel  to  a  stop  from  the  rest  position  of  the  magnet 
Is  about  one  inch.  By  Integration  of  the  velocity-time  record,  the 
times  at  which  bottoming  will  introduce  a  spurious  record  can  be 
found.  One  can  also  find  the  direction  of  motion  with  respect  to  the 
front  and  back  of  the  pickup  unit,  by  noting  ^whether  a  velocity  results 
in  a  hard  or  soft  bottoming  of  the  meter. 
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SECTION  m 

nSBUTTMENTATICN  PLAN 


SMSSffiEMb  fr order t» ynut ft® objective® sfftl®  work» 
ftfommarnry  t®  deecrib®  ft®  things  that  «ev  1*  &  ship's  stmotoo 
iHk  ft®  Alp  is  subjected  Utprtmr«  war®  rnrulting  from  mm 
OatplOSlWL,  Thin  has  Mmm  described  exe*U®ntly  in  Heferoac®  5, 
metis®  S,  aad  It  is  quoted  hirci 


“When  a  pressure  pals®  fr®m  a  non-contact  underwater 
OQfpftalett  roaches  a  ship,  1ft  first.  offset  la  t®  eaa®®  or,  tsnd  t® 
mas®  a  certain  ameani  of  olaatle  dlatortio®  of  the  hull.  Thin  effort 
tan  b*  sub-divided  Sat®  two  parks.  First,  ft®  sb»ii  plating  bet mm 
frame®  will  be  dished  Inwards,  sad  second,  th*rswlll  b®  u  Inward 
m*vofm*nt  of  ft®  ship's*!*®  «r  bottsmasawhbl®, 

“"When  ft®  pressure  la  th®  pressor®  pals®  is  reduced,  ft® 
elasticity  • f  th®  shall  plating  and  ft®  ship's  framing  will  tend  t® 
tags®  the®a4tems  t®  return  to  their  original  shape,  presided 
their  elastic  limit  ha®  set  been  exceeded  and  heft  shell  plating 
aal  framing  will  oscillate  sntil  their  energy  Ur  exhausted. 

i 

“internal  structures  which  are  connected  to  th®  hull  will 
therefore  be  subjected  to  force®  caused  by  the  movement  of  ft® 

Shell  plating  nnd  framing  as  a  remit  of  underwater  explosions. 
Thews  farces  will  can*®  the  structures  bo  Oscillate,  the  actual  char* 
acforistlcs  of  ft®  movements  depending  cm  the  mass  and  stiffness  • 
Of  ft®  leading  structure,  the  mass  of  the  shell  plating,  framing  sad 

ef  th®  Shell  plating  and  framing. 

“Seeks  and  bulkheads  which  are  not  la  direct  contact  with 
ft®  hall  below  ft®  waterline  will  receive  shock  forces  via  structure® 
I  taking  them  to  th®  hall  Mew  the  waterline,  These  structures,  by 
virtue  of  fteir  mam  and  flexibility,  will  tend  to  reduce  the  shock 
forces  transmitted  ft  such  decks  and  bulkheads/' 


Th®  objectives  of  ft®  Instrumentation,  was  to  determine  ft® 
Characteristic*  of  ft®  motion  of  ft®  various  parts  of  th®  ship  due  t® 
ft®  pressure  wave  resulting  from  th®  explosion®  of  th®  atomlebonbs. 
Slam  it  1®  those  shock  motion®  ef  the  structures  which  cause  damage 
t®  equipment  attached  te  ft®®®  structure®.  It  la  necessary  in  center 
todmign  equipment  sal  shsck  mountings  to  determine  the  shock 
metloas  t®  which  equipment  la  subjected.  Summaries  of  th®  lnstru* 
meatatim  plans  for  th®  various  typos  of  ships  follow. 
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I.  DESTROYERS 

The  Destroyers  chosen  for  instrumentation  were  those  which 
were  In  the  westerly  string.  Two  ships,  the  DD404  and  the  DD408, 
were  instrumentated  much  more  completely  than  the  other  ships  in 
the  string.  Putty  gages,  reed  gages,  and  velocity  meters  were  installed 
throughout  these  two  ships,  starting  in  the  aft  fire  room  cm  the  keel  top, 
then  on  external  frame  numbers  in  the  same  compartment.  In  the  en¬ 
gine  room,  gages  were  installed  on  the  following  foundations:  The  main 
switch  board,  low  pressure  turbine,  and  the  turbo-generator.  It  was 
considered  that  these  gages  would  give  data  that  was  representative 
Of  conditions  below  the  main  deck. 

The  second  group  of  gages  installed  on  the  DD404  and  408  were 
those  in  the  superstructure.  Gages  were  installed  on  frame  numbers 
cm  both'  the  first  and  second  superstructure  deck  level,  in  the  main 
battery  fire  control  director,  and  the  radar  antenna  mounting  brackets 
at  the  top  of  the  fore  mast.  Only  putty  gages  were  installed  at  the  top 
Of  the  fore  mast  but  in  all  other  locations  clusters  of  gages  made  up 
of  putty  gages,  reed  gages,  and  velocity  meters  were  installed.  The 
Objective  erf  the  instrumentation  of  the  DD404  and  DD408  was  to  deter¬ 
mine  the  characteristics  of  the  shock  in  various  parts  of  the  ship  due 
to  the  explosion.  One  sort  of  thing  which  this  data  would  yield  would 
be  the  relation  between  the  shock  experienced  by  equipment  which 
Was  installed  on  foundations  attached  to  the  hull  numbers  and  the 
Shock  experienced  by  equipment  in  the  superstructure.  It  was  hoped 
that  an  empirical  relationship  could  be  extablished  concerning  the 
characteristics  of  the  shock  delivered  to  the  keel  as  compared  to  the 
shock  transmitted  to  various  other  parts  of  the  ship  as  one  moved  up 
from  the  keel  through  the  structure  to  the  main  battery  director  and 
then  to  the  masthead. 


In  addition  to  the  gage  mentioned  above,  for  the  B  shot,  four 
shock  recording  gages  per  ship  were  added.  These  gages  were 
located  close  to  the  e*A3*  shot  gages ^ as  follows:  One  on  the  keel  top, 
one  on  an  external  frame  number  5’  below  waterline,  one  on  frame 
5*  below  main  deck,  and  one  on  the  low  pressure  turbine  foundation.  * 

On  the  remainder  of  the  ships  in  this  Destroyer  string,  putty 
gages  and  reed  gages  were  installed  on  the  keel  and  on  a  frame 
number  in  the  fire  room  and  two  putty  gages  were  installed  in  the 
superstructure.  The  gage  locations  were  selected  on  each  ship  to 
be  as  much  similar  to  the  location  on  the  DD404  and  DD408  as 
possible.  These  gages  were  essentially  range  gages.  The  results 
would  give  data  on  the  shock  characteristics  as  a  function  of  the 
distance  of  the  ship  from  the  explosion. 


15 


TOP  SECRET 


ance^?f*,?Sf«Efees  were  la  locations  which  were  similar  to  those 

L? ba<1  a  uore  complete  Instrumentation,  It  was  can?* 
©U  possible  to  draw  f*rtrtr>l 


bn.  the 


sldP  rwT  ,  ^wmpieie  instrumentation,  it  was  cm- 

+  f?drlT  cofJ?lusiaBS  concerning  the  shock  character- 
iStics  hroughont  the  ship  with  the  data  from  the  range  gages  and 

aTa  ^UntT11  *,*?*. though 

and  DD408.  *  ^  aaalyffis  ***  data  from  the  gages  on  the  DD4G4 

IL  SUBMARINES 

the  plan  Pl£?  f0r  ^  submarlnes  was  similar  to 

tne  Plan  for  the  destrier  instrumentation  in  that  two  of  the  target 

ships  had  a  relatively  large  number  of  gages  installed  to  give  data 

f  Sh0ck  throu^h  structure  of  thelhip  while 
six  ships  had  but  two  gages,  each  installed  to  give 

exScSon6  intem?it7  °f  sil0Ck  aS  a  11111011011  of  distance  from  lie 

gage  gages?  one  Putty  gaSe  and  one  r.  ed 

gage,  were  installed  on  the  flange  of  a  hull  stiffener  in  rhp  t ^ 

room  and  on  the  side  of  the  ship  which  wan  closer  tote  expSlon 

fecept  for  the  BSKM  and  Ihe  SS385,  this  constituted ^  the  hXm C 

ttl?;oH0WeVer’  ta.?e  CaSes  01  tte  SS308  and  SS3S5.  In  addition  to 

give  dlte'S  thP^b  tWel7e4P«tty  gages  wsre  in3taIled  in  each  ship  to  . 
give  data,  on  the  characteristics  of  the  shock  oc^^irp.  in  vsriniL, 

parts  of  the  ship.  The  locations  of  these  gages  ■».  ^  a°s“oUows 

m  the  engine  room  on  the  generator  foundation.  '■  the  manewerina 

^  C*to01  CKbical  and  « 3 

cubical,  in  the  control  rooms  on  bulkhead  stiffeners  in  the  cannimr 

Plafes-  aBfl  011  frame  deck  beams  in  th^ 
*3? rooms.  The  objective  of  the  instrumenta  l  on  was to  obtain 

seveS  ZlT?TrlfCS  ?  toe  3hock  t0  whlch  ^ulpmenti  to  tte 

ed  due  tothe  e^loXn  WM<±  *  SMp  iS  composed’  waa  subject- 
CAPITAL  SHIPS 

The  capital  ships  instrumentated  were  the  battlpqMn**  ttqq 

NEW  YORK  AND  USS  NEVADA,  and  toe  cruised  Us“t  lS 

USS  PENSACOLA.  These  ships  were  ^ 

^e  tto  °f  PraotloaUy  identical  structures  as 

were  the  destroyers  and  submarines. 

The  gages  installed  were  putty  gages  and  reed  gages  and  the 
options  were  chosen  with  the  same  vie!  JnSSt,  ff£?££,5? 
the  destriers,  namely,  to  give  Information  concerning  the  p^rnae- 
ation  of  shock  through  the  structure  of  the  ships.  Pr0pag 
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The  gages  were  installed  on  the  hull  well  below  the  waterline 
on  a  frame  member  or  some  rigid  structure  attached  to  the  large 
Structural  members  of  the  hull  in  interior  compartments  above  the 
waterline  as  well  as  in  the  superstructure. 

\ 

APA  INSTRUMENTATION 

Very  little  instrumentation  was  attempted  cm  the  APA's.  For 
the  £iA*  shot,  two  ships,  the  APA64  and  APA65,  has  Instruments,  in¬ 
stalled,  and  on  the  “b”  shot  the  APA87  was  added.  The  instrumen¬ 
tation  consisted  of  putty  gages  installed ‘on  the  foundations  of  equip¬ 
ment.  Two  gages  were  installed  on  external  hull  frame  members, 
one  gage  below  the  waterline  and  one  above  the  waterline.  The  others 
were  installed  cm  the  following  foundations:  Main  switchboard,  main 
motor,  and.  main  generator. 

All  that  was  intended  to  be  found  from  these  gages  was  the 
peak  value  of  the  acceleration  which  would  be  guide  and  check  to 
be  used  in  the  analysis  of  the  data  from  the  velocity  meters  which 
were  adjacent  to  these  putty  gages. 
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SECTION  IV 


GAGE  LOCATIONS  AND  DATA 


The  data,  is  arranged  by  ships  in  the  following  sequence: 
destrpyers,  submarines,  attack  transports,  cruisers,  and  battleships. 
Ships  of  a  class  are  in  numerical  order.  Following  the  data  far  each 
ship  and  class  of  ships  is  a  discussion  of  that  data. 

The  following  noteS  explain  some  of  the  notation  and  symbols  used 
in  that  data. 

Note  1.  The  lowest  critical  acceleration  far  the  low  range  putty 
gage  is  20g.;  the  lowest  for  the  high  range  gage  is  50g,  When  no  inden¬ 
tation  was  found,  the  acceleration  is  recorded  as  less  than  20g.  or  less 
than  50g. 

Note  2.  The  orientation  of  a  gage  is  described  as  “directed  up” 
“direct  to  port”,  etc.  “Directed  up”  means  that  the  gage  body  is 
above  the  mounting  base,  “directed  to  port”  means  that  the  gage  body 
is  to  port  of  the  mounting  base,  etc.  A  putty  gage  records  only  the 
acceleration  vector  or  its  component  which  is  directed  in  the  same 
sense  as  the  gage. 

Note  3.  The  reed  gage  deflections  a:re  described  as  “up”  mean¬ 
ing  toward  the  top  of  the  gage  or  “down”  meaning  toward  the  mounting 
.base.  On  the  frequency -response  curves  ‘up”  and  “down”  refer  to  the 
direction  toward  which  the  reed,  deflected  even  though  the  accelerations 
plotted  are  those  of  the  brass  weight  and  therefore  have  an  opposite  di¬ 
rection. 

Note  4.  Directions  indicated  in  the  tables  of  indentor  gage 
readings  are  the  directions  toward  which  the  aceerlation  vectors  are 
pointed. 

Note  5,  The  following  abbreviations  and  symbols  are  used: 

G  Putty  gage 

R*  Reed  gage 

R”  Motorized  reed  gage 

V}  Velocity  meter 

Q  Indentor  gage 

O  Shock  displacement  gage 

g  Acceleration  of  gravity  =  32.2  ft/sec.2 
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%  Natural  frequency  of  vibration  in  cycles  per  sec. 
c.p.s.  Cycles  per  second 

ds  Static  deflection,  or  the  deflection  corresponding 
to  a  steady  acceleration  of  lg. 

A  Test  Able 

B  Test  Baker 

Note  6.  Motorized  reed  gage  records  for  Baker  showed  several 
successive  shocks  but  it  was  not  possible  to  separate  the  records  into 
a  consistent  number  of  pulses.  However,  the  last  pulse,  due  presumably 
to  air  blast,  was  always  ^distinguishable,  In  preparing  frequency-re¬ 
sponse  curves  from  these  records,  the  maximum  amplitudes  in  the  air 
blast  shock  record  have  been  labeled  “wave  2”,  Maximum  amplitudes 
due  to  the  preceding  group  of  shocks,  presumably  water-borne,  are 
labeled  “wave 

Note  7.  The  bearing  listed  for  each  ship  in  the  comments  on 
that  ship  is  the  bearing  of  the  explosion  relative  to  the  ship. 


Note  8.  DSM  repor  ts  on  shock  damage  to  ships  are  taken  .t  urn 
reference  6. 

Note  9c  Photos  of  gage  locations  referred,  to  are  .In  the  Photo¬ 
graphic  Volume  of  tins  group  of  reports. 

Note  10,  Numbers  (.1),  (.2),  or  (3)  fallowing  »lv.  letier  "“A3'"  (test 
Able  data)  are  estimates  of  the  relative  shock  .'..TtensJ  ly  to  be  expected, 
at  the  gage  local!  onand.  are  defined  In  Section  V„  DJ.SSruSS.rON  OF  DATA 
TEST  ABLE, 
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A-2*0» 


DD390  -  USS  RALPH  TALBOT 
Futty  Gages 

G1  -  Photo  252.  In  fireroom  compartment  B-2-1.  Directed  up  on  top 
of  keel  at  frame  99.  Note:  Cast  iron  ballast  ingots  cover  the  hull  plates 
for  about  2  1/2  ft.  either  side  of  keel. 

A.  (3)  75g.  B.  300g. 

G2  -  Similar  to  photo  262.  In  fireroom,  compartment  B-2-1.  Directed  • 
inboard  normal  on  flange  of  Frame  99,  4  ft.  below  upper  grating  level 
on  starboard  side. 


A.  (3)  less  than  50g.  B.  60g. 

G3  -  Similar  to  photo  291.  In  C.I.C.  room,  directed  up  on  deck  at  frame 
62.  5  in.  inboard  from  starboard  bulkhead. 

A.  (2)  60g.  B.  lOOg. 

G4  -  Photo  253.  In  passage-way  A-0101-36  just  forward  of  ships  Office. 
Directed  to  port  on  overhead  beam  at  frame  58.  3  ft.  to  starboard  of 
ship  centerline. 

A.  (2)  llOg.  B.  ICOg. 


Heed  Gages 

R*1  -  Similar  to  photo  260.  In  fireroom,  compartment  B-2-1.  Directed 
inboard,  normal  on  fiange  of  starboard  frame  100,  4  1/2  ft.  below  upper 
grating  level. 


20 

cps 

40  cps 

Graph 

Up 

Dn 

Up  Dn 

A.  (3)  Fig.  8 

.105 

.10 

.02  .04 

B.  Figure  9 

.02 

.03 

6  0 

R*2  -  Photo  252.  m  fireroom  compartment  B-2-1.  Directed  up  on 
frame  99  flange.  About  1  ft.  to  starboard  of  keel  centerline. 

,  *•  20  cps  40  cps 

Up  Dn  Up  Dn 

A.  (3)  readings  all  zero. 

B.  Figure  10  .10  .07  Record  torn 
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R'3  -  Photo  254.  In  flreroom  compartment  B-2-1.  Directed  forward 
on  aft  starboard  support  o 1  ait  boiler,  frame  105. 


A.  Readings  all  zero 

B.  Readings  all  zero 


Indenter  Gager 


Q1  -  Photo  255.  On  underside  of  Mk.  51,  20  mm  gun  director  platform** 
Directed  down  at  intersection  of  $>f  I-beam  (about  frame  55)  and  3” 
stiffener  (an  s^ip  centerline).  Director  platform  is  just  forward  of 
CJ.C.  room, 

A  B 


Up 

35g. 

Up 

50g, 

Dn. 

65 

Dn 

70 

40° 

760 

65* 

300 

130° 

280 

155° 

390 

220* 

410 

245® 

330 

310° 

615 

335° 

440 

Q2  -  Photo  256.  On  Navigating  Bridge  deck  direr. ted  up  on  deck,  2  in. 

from  base  of  starboard  Mk.  27  torpedo  director.  Approx,  frame  66  1/2. 

S 

A  B 


Up 

23  Og. 

Up 

66g. 

Dn 

220 

Dn 

65 

75° 

1270 

o 

O 

CD 

40 

165° 

135 

150® 

35 

255® 

*  1550 

240® 

65 

345® 

.  65 

330® 

60 

Q3  -  Photo  257.  On  top  of  pilot  house.  Normal  on  flange  of  aft  star¬ 
board  brace  of  base  of  Mk.  33  gun  director. 

A  B 


brg. 

19° 

elev. 

28® 

250g, 

brg. 

41  ®elev. 

28® 

155g. 

brg. 

54® 

elev. 

-55® 

90 

brg. 

120®elev. 

20® 

60 

brg. 

120® 

elev. 

20® 

20 

brg. 

174®elev. 

55® 

95 

brg. 

199® 

elev. 

-28® 

260 

brg. 

221  ®elev. 

28® 

220 

brg. 

246® 

elev. 

55® 

70 

brg. 

300®elev.  ■ 

-20® 

35® 

brg. 

300® 

elev. 

-20® 

20 

brg. 

356°elev. 

55® 

80 
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Q4  -  Photo  258.  Inside  turret  of  Mk.  33  sun  director  above  pilot  house. 
Directed  upon  top  of  port  arm  of  forward  U-bracket 

A  B 


Up 

60g. 

Up 

4Qg. 

Dn 

80 

Dn 

30 

70* 

165 

0* 

60 

160* 

40 

90* 

130 

250* 

15 

180° 

85 

340* 

20 

270* 

185 

COMMENTS 

Test  Able  Range  3735  ft.  Bearing  of  burst.  139° 

.  The  putty  and  reed  gages  were  not  an  surfaces  exposed  to  air 
blast  and  therefore  gave  small  readings.  G4?  horizontal  within  the 
superstructure,  probably  gave  a  representative  reading  (llOg.)for 
Interior  superstructure  locations  while  readings  for  locations  below 
the  waterline  show  negligible  values.  R*1  vertical  on  the  keei  shows 
a  low-frequency  excitation  of  about  200-300  cps. 

Some  indenter  gages  (Ql,  Q2,  and  Q3)  showed  very  high  read¬ 
ings.  This  is  partially  in  accord  with  the  fact  that  they  were  on 
structures  which  were  struck  directly  by  air  blast.  Q2  showed  its 
high  reading  in  a  direction  parallel  to  the  free-air  shockwave  front 
which  might  possibly  be  due  to  reflection  of  the  wave  from  the  super¬ 
structure.  Q2  in  particular  shows  equal  high  readings  in  opposite 
directions  which  indicates  that  rattling  of  the  weight  caused  most 
of  the  reading  20Q~500g.  seems  to  be  a  reasonable  estimate  of  the 
peak  acceleration  of  exposed  ordnance  equipment.  Q4  within  the  gun 
director  afeews  a  reading  of  less  than  165g»  in  accord  with  that  of 
G4  within  the  superstructure. 

Test  Baker  Range  5450  ft  Bearing  of  burst  265* 

The  gage  locations  were  planned  for  direct  exposure  of  the  star¬ 
board  side  to  the  shock  waves  while  the  wave  actually  struc1'  the  port 
side. 


The  gages  below  the  waterline  registered  a  higher  shock  at  the 
keel  than  on  the  hull  away  from  the  blast.  The  3QQg.  reading  of  the 
keel  putty  gage  is  not  well  substantiated  by  the  adjacent  reed  gage. 
However,  in  consideration  of  the  poor  reed  gage  accuracy  at  high 
frequency,  the  apparent  disagreement  is  explainable  if  the  shock  pulse 
duration  Is  less  than  1  millisecond. 
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The  superstructure  gages  all  show  vertical  accelerations  of 
lOOg.  or  less.  Since  the  lOOg.  vertical  reading  occurred  on  the  putty 
gage  In  the  C.I.C.  room  and  the  exposed  Indenter  gages  read  less 
vertically,  It  seems  probabe  that  the  origin  of  the  vertical  shock 
was  underwater  pressure  waves.  Q.T.  exposed  to  air  blast,  had  a 
400g.  horizontal  reading;  Q2  was  shielded  from  air  blast  and  had 
readings  below  60g.  Q3  was  partially  exposed  to  air  blast  and  had 
a  220g.  reading;  and  Q4  within  the  gun  director  had  a  130g.  reading. 
These  readings  indicate  that  shock  due  to  both  air  and  water  blast 
waves  was  felt  in  the  superstructure;  the  horizontal  reading  due  to 
airborne  pressure  and  the  vertical  due  to  waterborne  waves.  100- 
3Q0g.  seems  a  fair  figure  to  assign  to  shock  in  exposed  ordnance 
equipment. 


I 


i 
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DD402  -  USS  MAYRANT 
Putty  Gages 

G1  -  Photo  259,  In  aft  fireroom,  compartment  B-2-1.  Directed  in¬ 
board,  normal  on  flange  of  starboard  frame  101,  4*  below  upper  grat¬ 
ing  level. 

A,  Not  Installed,  B.  75g. 

G2  -  Similar  to  Photo  262.  In  aft  flreroom,  compartment  B-2-1. 
Directed  up  on  top  flange  of  keel,  56  in.  forward  of  bulkhead.  104,5. 

A,  Not  installed.  B,  Less  than  50 

.4* 

G3  -  Similar  to  photo  291.  In  G.I.C.  room.  Directed  up  on  deck  over 
the  beam  at  frame  59,  6  in.  inboard  from  starboard  bulkhead, 

A.  Not  installed,  B,  300g, 

G4  -  Similar  to  photo  271,  In  C,I,C,  room.  Directed  to  port  on  bracket 
on  deck  over  beam  at  frame  60,  6  in.  inboard  from  starboard,  bulkhead. 

A.  Not  installed,  B.  Unreadable 


Reed  Gages 


R*1  -  Photo  260,  In  aft  fireroom,  compartment  B-2-: 
board,  normal  on  flange  of  starboard  frame  97,  4  ft, 
upper  grating  l  evel. 

1.  Directed  in 
6  in,  below 

Graph 

20  cps 

Up  Dn 

40  cps 

Up  Dn 

A,  Not  Installed 

B,  Figure  12 

,47  .495 

.17  .135 

R*2  -  Similar  to  photo  262,  In  aft  flreroom,  compartment  B-2-1, 
Directed  up  on  top  flange  of  keel,  66  in.  forward  of  bulkhead  frame 
104.5. 


A.  Not  installed 

B.  Not  installed 
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COMMENTS 

Test  Baker  Range  2600  ft.  Bearing  353® 

The  instrumentation  was  planned  for  starboard  exposure  to  the 
pressure  waves,  rather  than  the  port  bow. 

In  view  of  the  high  vertical  putty  gage  acceleration  of  300g.  in. 
the  C.LC,  room,  and  the  sizable  deflections  of  33*1  on  the  hull*  it  is 
difficult  to  explain  the  lew  readings  of  the  hull  putty  gages.  D.S.M. 
reports  a  dishing  of  the  starboard  hull  amidships,  apparently  due  to 
the  contact  with  tugs  during  decontamination,  which  makes  the  R'l 
reading  unreliable. 
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DD403  -  USS  TRIPPE 
Putty  Gages 

Gl  -  Photo  262,  In  ait  fire  room,  compartment  B-2-1.  Directed  in¬ 
board,  normal  on  flange  of  starboard  frame  97.  4  ft.  below  upper  grat¬ 
ing  level. 


A,  Not  installed  B.  Less  than  50g, 

G2  -  Photo  263.  In  aft  fixer oom,  compartment  B-2-1.  Directed  up 
on  top  flange  of  keel.  56  in.  forward  of  frame  104.5. 

A.  Not  installed  B.  Unreadable 

G3  -  Similar  to  photo  292.  In  C.I.C.  room.  Directed  up  on  deck  at 
frame  62.  5  in.  inboard  from  starboard  bulkhead. 

A.  Not  installed  B.  Loss  than  20gt 

G4  -  Similar  to  photo  272.  In  C.I.C,  room.  Directed  to  port  on  bracket 
on  deck  at  frame  61.  7  in.  inboard  from  starboard,  bulkhead, 

A.  Not  installed  B.  Less  than  20g. 


Reed  Gages 

R*1  -  Similar  to  photo  261,  In  aft  fireroom,  compartment  P-2-1. 
Directed  inboard,  normal  on  flange  of  starboard  frame  101.  4.  ft,  6  in. 
below  upper  grating  level. 

A.  Not  installed  B.  Readings  all  zero 

R*2  -  Photo  263.  In  aft  fireroom,  compartment  B-2-1.  Directed  up  on 
top  flange  of  keel,  66  in.  forward  of  frame  104.5. 

A,  Not  installed  B.  Unreadable 


COMMENTS 

Test  Baker  Range  4125  ft.  Bearing  346® 

The  instrumentation  was  placed  for  starboard  exposure  to  the 
pressure  wave  rather  than  the  port  bow. 

All  gages  show  no  shock  of  intensity  adequate  to  cause  any  read¬ 
ings.  DSM  reports  no  shock  effects  other  than  breakage  of  a  few  light, 
bulbs. 
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FIG.  14  A 


A-26C9 


DD404  •  USS  RHLND 


Putty  Gages 

01  *  Photo  263.  In  aft  fireroom,  compartment  B-2-1.  Directed  in¬ 
board,  normal  on  flange  of  starboard  frame  97.  About  5  ft.  below  main 
deck. 


A.  (1)  450g,  B.  300g, 

G2  -  Photo  264.  In  aft  fireroom,  compartment  B-2-1.  Directed  in¬ 
board,  normal  on  flange  of  starboard  frame  101.  4  ft  below  upper 
grating  level. 


A.  (3)  less  than  50g.  B.  Less  than  5Qg. 

GS  -  Photo  263.  In  aft  fireroom,  compartment  B-2-1.  Directed,  up 
on  flange  of  frame  101  about  6  in.  to  port  of  keel  center  line. 

A.  (3)  less  than  50g,  B.  Less  than  50g. 

G4  -  Photo  266,  In  forward  engine  room,  compartment.  B-3-1.  Directed 
up  on  foundation  of  starboard  low-pressure  turbine r  about  4  ft,  below 
turbine  shaft, 

A.  (3)  less  than  50g,  B.  Less  than  bOg. 

G5  -  Photo  266,  In  forward  engine  room,  compartment  B-3-1.  Directed 
to  port  on  foundati  on  of  starboard  low-pressure  turbine,  about  4  ft,  below 
turbine  shaft, 

A.  (3)  less  than  50g„  B.  Less  than  50g. 

G6  -  Photo  267,  In  forward  engine  room,  compartment  B-3-1.  Directed 
up  an  top  flange  of  short  horizontal  channel  welded  between  two  vertical 
stiffeners  of  bulkhead  118.  The  channel  supports  the  forward  end  of 
the  I-beam  which  passes  under  the  starboard  end  of  the  main  switchboard.. 

A.  (3)  less  than  50g,  B.  Less  than  50g„ 

G7  -  Photo  268,  In  main  battery  director.  Directed  up  on  special  bracket 
added  an  starboard  vertical  suppor  ts  of  director  equipment,  Just  inside 
starboard  door  of  director. 

A.  (2)  110g,  B.  Less  than  20g. 
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DD404  -  USS  RHIND 
Putty  Gages 

G8  -  Photo  268,  In  main  battery  director.  Directed  to  port  on  same 
bracket  as  G7. 


A.  (2)  lOOg.  B.  Less  than  20g. 

G9  *  Photo  269.  In  Supply  Office.  Directed  up  on  deck  at  frame  60, 

12  in.  from  inboard  bulkhead. 

A.  (8)  less  than  20g.  B.  Less  than  20g, 

G10  -  Photo  270.  In  Supply  Office.  Directed  to  port  on  flange  of  vertical 
Stiffener  (frame  60)  of  starboard  bulkhead.  3  ft.  6  in.  above  deck. 

A.  (1)  200g.  B.  30g. 

Gil  -  No  photo.  At  top  of  main  mast.  Directed  up  on  seat  bracket 
about  3  ft.  below  top  erf  mast. 

A,  Not  recovered  -  Mast  bent, 

G12  -  No  photo.  At  top  of  main  mast.  Directed  to  port  on  starboard, 
side  af  mast  about  2  ft.  below  top  of  mast, 

A.  Not  recovered.  -  Mast  bent 

G.13  -  Similar  to  photo  301.  In  forward  engine  room,  compartment  B- 
3-1.  Directed  up  on  port  aft  corner  of  inboard,  turbo-generator  bas% 
at  approx,  frame  114.  Base  is  on  upper  grating  level. 

A.  (3)  less  than  50g,  B.  Less  than  bOg. 

G14  »  Similar  to  photo  30.1  „  In  forward,  engine  room,  compartment  B-  . 
3-1.  Directed  to  port  aft  corner  of  inboard  turbo-generator  base  at 
approx,  frame  114.  Base  is  on  upper  grating  level. 

A.  (3)  less  than  5Qg.  B.  Over  3Q0g. 

G15  -  Photo  271.  In  C.I.C.  room.  Directed  to  port  on  bracket  on  deck 
at  frame  62,  5  in,  inboard  from  starboard  bulkhead. 

A.  (2)  125g.  B.  50g, 
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DD4G4  -  USB  RHIND 
Putty  Gages 

G16  -  Similar  to  photo  302.  In  Engineer’s  Record  Qfltice.  Directed  up 
m  deck  at  frame  101.  8  in.  inboard  from  starboard  bulkhead. 

A.  (2)  70g,  B.  Less  than  20g. 


Reed  Gages 

R”l  -  Photo  272.  Slow  speed.  In  aft  fireroom,  compartment  B-2-1. 
Directed  inboard,  normal  on  flange  of  starboard  frame  101,  about  6 
ft  below  main  deck. 


20  cps  40  cps 


Graph 
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Dn 

Up 

Dn 

A.  (1)  Fig.  14  B  Fig.  15 

.595 

.57 

.45 
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B  wave  1  Fig.  23  Fig.  24 
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.02 

.02 

.02 

B  wave  2  Fig,  23  Fig.  25 

.025 

.045 

.01 

.025 

R,,2  -  Similar  to  photo  260,  Slow  speed.  In  aft  fireroom  compartment 
B-2-1.  Directed  to  part,  normal  on  flange  of  starboard  frame  97.  56  in. 
below  upper  grating  level. 


Graph 
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Dn 

40 
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Dn 

A.  (3)  Fig,  16  Fig,  17 

,135 
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B  wave  1  p.  Fig,  26  Fig.  27 
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B  wave  2  p.  Fig.  26  Fig.  28 

.02 

,025 

.01 
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R??3  -  Photo  265-  Slow  speed.  .In  aft  fireroom,  compartment  B-2-1. 
Directed  up  on  top  flange  of  keel  at  frame  101, 

20  cps  40  cps 


Graph 
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A.  (3)  Fig.  18  Fig.  19 
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B,  Readings  all  zero 
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D.D404  *  USS  RHLND 
Reed  Gages 

R*;4  -  Photo  266,  High  speed,,  In  forward  engine  room,  compartment 
B-3-1.  Directed  up  an  foundation  of  starboard  low-pressure  turbine. 
About  4  ft.  bel'jw  turbine  shaft. 


20  cps 

40  c vs 

Graph  Record 

A.  (3)  Readings  all  Zero. 
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B,  wave  1  Fig»29  Fig, 30 
Fig.31 

.03 

.03 

.02 

’.01 

B.  wave  2  p.  Fig.2.8  Fig.32 
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B^5  -  Photo  266.  High  speed.  In  forward  engine  room, compartment 
'0-3*1.  Directed  to  port  cm  starboard  low-pressure  turmne  foundation 
nearR^4„  . 

20  cps  40  cps 


Graph  Record 
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A.  (3)  Readings  all  zero. 

B.  wave  1  Fig„33  Fig. 34 
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Bo-  Photo  267.  High  speed.  In  forward,  engine  room,  compartment 
B-3-1.  Directed  down  on  underside  of  fore-and-aft  I-beam  under  .star¬ 
board.  end.  of  main  switchboard..  Gage  Is  at  upper  grating  level  about  30” 
forward,  of  bulkhead  118. 


Graph  Record 

A.  (3)  Readings  all  zero. 

B,  wave  1  Fig,36  Fig»37 

Fig.  38 

B.  wave  2  Fig,  36  Fig. 3  9 
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3.1. 


DD404-USSRHEND 
Reed  Gages 

Rw7  -  .Photo  273,  Slow  speed.  In  main  battery  director  directed  up  on 
special  bracket  added  on  starboard  supports  of  director  equipment.  Just 
inside  starboard  door  of  director. 


20  cps 

40  cps 

Graph  Record 
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Up  Dn 

A,  (2)  Readings  all  zero. 

Bo  wave  1  Fig,  4  Fig.41 
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B.  wave  2  Fig.4  Fig.42 

,035 
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If  *8  *•  Photo  273.  In  main  battery  director.  Directed  to  port  on  same  bra¬ 
cket  as  if  *7. 


A.  Unreadable 

B.  Record,  lost 

Rwd  -  Photo  274,  In  Supply  Office,  Directed  up  on  deck  at  trame  60p  30 

in.  from  inboard  bulkhead, 

20  ops  40  eps 


Graph  Record 
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A.  (3)  Fig.  20  Fig.  21 
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B.  wave  1  Fig.  4,3  Fig, 4 4 
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B,  wave  2  Fig, 43  Fig„45 
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if  10  -  Photo  275,  In  Supply  Office,  Directed  to  port  on  flange  of  vertical 
stiffener  (.frame  63}  of  starboard,  bulkhead.  About  3  fu  above  deck. 

20  cps  40  cps 


Graph  Record 

Up 

Dn 

Up 

Dn 

A,  (1)  Fig,  22 

1,35 

1.59 

,57 

.715 

B,  Figure  46 

.11 

,125 

.27 

.27 
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DD 404  -  USS  RHEND 
Iadenter  Gages 


Q1  -  Similar  to  photo  306,  In  aft  (No.  4)  5**  gun  turret.  Directed  up  m 
deck  frame  member  on  starboard  edge  of  breech  clearance  depression 
about  2  ft  forward  of  starboard  support  of  gun.  Directions  assume 
gun  to  be  pointed  aft. 

A  B 


up 

0g, 

Up 

35g. 

Dn 

55 

Dn 

60 

25® 

48 

15® 

40 

115® 

70 

105® 

25 

205® 

112 

195® 

25 

295® 

22 

285® 

50 

Q2  ~  Photo  276.  On  starboard  40  mm  gun  platform  at  approximately 
frame  135,  Directed  up  on  deck  over  the  intersection  of  two  beams 

under  the  platform. 

To  starboard  and  aft  of  gun  pedestal. 

A 

B 

Up 

60g, 

Up 

85g. 

Dn 

140 

Dn 

40 

40® 

150 

80® 

90 

130® 

90 

170® 

70 

220® 

170 

260® 

75 

310® 

85 

350° 

80 

Q3  -  Photo  277.  On  post  40  mm  gun  platform  at  approximately 

frame  135,  Directed 

up  on  deck 

at  location  summetrical  about  ship 

centerline  with  Q2  location. 

A. 

B 

Up 

125g„ 

Up 

160g. 

Dn 

140 

Dn 

50 

19® 

725 

.15® 

235 

100® 

295 

105® 

70 

190® 

370 

195® 

430 

280® 

ISO 

285* 

70 
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DD4G4  -  USS  RHIND 


Indenter  Gages 


G&  -  photo  278. 

On  port  mark  61,. 

40  mm  gun  director  platform.  Direct- 

ed  down  at  intersection  of  beams  on  underside  of  platform#  Director  ped¬ 

estal  is  over  center  of  rectangle  formed  by  beams  on  underside  of  plat¬ 

form;  gage  is  at  forward  starboard  corner  of  this  rectangle. 

A 

B 

Up 

50g, 

Up 

40g. 

Dn 

70 

Dn 

80 

45* 

55 

70* 

35 

135° 

50 

160* 

25 

225° 

120 

250* 

30 

315* 

80 

340* 

30 

05  -  Photo  279' 

On  main  deck  about  outboard  from  base  of  port  ter- 

pedo  tubes.  Directed  up  over  main  frame  member  of  approx,  frame  112. 

A 

B 

Uo 

0g. 

Up 

50g. 

Dn 

60 

Dn 

20 

30° 

50 

0° 

40 

120° 

80 

90° 

20 

210° 

80 

180° 

15 

300* 

50 

270* 

50 

Q6  -  Photo  280.  At  base  of  port  torpedo  director  on  navigation  bridge 
deck.  Directed  up  on  deck  to  starboard  and.  aft  of  director  pedestal 
over  Intersection  deck  reinforcing  memcera, 

A  B 


Up 

105g. 

Up 

70g. 

Dn 

110 

Dn 

90 

5* 

170 

0*. 

20 

95* 

100 

90° 

35 

185* 

200 

100* 

0 

275* 

130 

270* 

70 
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DD4Q4  -  USS  RHTND 
Indenter  Gages 

Q7  -  Photo  281.  On  pedestal  of  main  5  in.  gun  director.  Directed  ait 
and  up  an  flange  of  aft  brace  of  the  support  tube,  2  In.  above. top  of  pilot 
house. 


fcrg.  0®  elev. 

-2Q®  35g* 

brg.  0®  elev. 

-20*  30g. 

71° 

42*  517 

"  71® 

42*  90 

”  109*  ” 

•42*  331 

”  109® 

*3 

-42*  48 

99  180*  ” 

20*  112 

”  180* 

» 

20*  50 

u  251*  ” 

•42*  375 

”  251® 

-42*  95 

99  289*  ” 

42®  712 

"  289* 

31 

CO 

• 

CO 

Q,8  -  Photo  268.  Inside  main  5  in. 

gun  director  turret.  Directed  up  on 

same  bracket  as  G7  etc.  . 

A 

B 

Up 

165g, 

Up 

5  Og. 

Dn 

170 

Dn 

30 

70° 

520 

.  75® 

20 

160° 

490 

165® 

* 

30 

250° 

400 

255® 

30 

340° 

550 

345® 

30 

Q9  ~  Photo  282.  Inside  main  5  in. 

gun  director. 

Directed  up  on  3  in. 

x  3  in,  x:  1/8  in.  channel  which  rims  forward  .from  forward,  port  corner 

of  the  internal  director  mechanism  shell,  30  in. 

above  platform  which 

is  just  inside  port  door  of  director. 

A 

B 

Up 

280g, 

Up 

180g. 

Dn 

260 

Dn 

175 

45® 

270 

45® 

310 

135® 

425 

.  135® 

200 

225* 

345 

225® 

160 

‘  315® 

440 

315® 

125 
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DD404  -  USS  RHIND 
Shock  Displacement  Gages 


4*.  - 


01  -  Photo  283.  In  aft  fireroom*  compartment  B-2-1.  Directed  to  part 
on  flange  of  starboard  shell  frame  93=  3  ft  below  main  deck. 


B.  Record  not  reproduced  but  is  available. 

02  -  Photo  284.  In  aft  fireroom  compartment  B-2-1.  Directed  to  pctrt 
an  flange  of  starboard  shell  frame  93.  4  ft  be/ow  upper  grating  level. 

B.  Record  not  reproduced  yfcut  is  available, 

03.  Photo  285.  In  aft  fire  room  comparinjent  B-2-1,  Directed  up  on 
flange  of  port  frame  101  near  keel, 

B.  Record  not  reproduced  but  is  available. 

04  -  Photo  286.  In  forward,  engine  rocrai,  compartment  B-3-1.  Directed 
up  on  starboard  aft  earner  of  base  oystarboard  turbo- generator  at 
approx,  frame  114.  Base  is  at  upper  grating  level, 

B.  Record,  not  reproduced  but  is  available. 


Velocity  Meters 


/ 


f 

/ 


V*1  -  Photo  237,  In  aft  firerooip,  compartment  B-2-1.  On  starboard 
frame  101?  5  it.  below  main  deck.  Directed,  to  port.  Notes  Travel  to 
base  stop  is  1”  ±  1/32” . 

A,  (1)  Record  not  distinguishable 


B.  Record  not  distinguishable. 

V*2  -  Photo  264.,  Aft  fireroom,,  compartment  B-2-1.  Directed  to  port 
on  starboard,  frame  101  ?  below  upper  grating  level.  Note:  Travel  to 
base  stop  is  1  1/8”  ±  1/32'"  . 


A,  (3}  Record  not  distinguisable. 


B.  Record,  not  distinguishable. 
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DD404  -  USS  RHIND 
Velocity  Meters 

V*3  -  Photo  272.  Aft  fireroom  compartment  B-2-1.  Directed  up  on 
frame  101 ,  about  1  f h  to  starboard  of  keel  centerline. 

A.  (3)  Record  not  distinguishable. 

B.  Record  not  distinguishable. 

V*4  -  Photo  266.  Forward  engine  room,  B-3-1.  Directed  up  on  star¬ 
board.  low  pressure  turbine  foundation,  about  4  ft  below  turbine  shaft. 
Notes  Travel  to  base  s  op  is  1  1/16"  ±  1/32". 

A,  (3)  Record  not  distinguishable. 

B.  Record  not  distinguishable. 

V*5  -Photo  288,  Forward  engine  room,  compartment  B-3-1.  Direct¬ 
ed  to  starboard  on  starboard  low  pressure  turbine  foundation,  about  4 
ft  below  turbine  shaft  Notes  Travel  to  base  stop  is  l"  ±  1/32". 

A.  (3)  Record  not  distinguishable. 

B.  Record  not  distinguishable. 

V^6  -  Photo  289.  Forward  engine  room,  compartment  B-3-1.  Directed, 
down  on  under  side  of  beam  under  starboard  end  of  main  switchboard, 
20"  forward  of  bulkhead  118. 

A.  (3)  Record  not  distinguishable. 

B.  Record,  not  distinguishable. 

V?7  »  Photo  269,  Supply  Office.  Directed  up  on  deck  over  beam  at 
frame  60,  12"  from  inboard,  bulkhead.  Note:  Travel  to  base  stop 
isl”i  1/32". 

A.  (3)  Record  not  distinguishable. 

B.  Fig.  48,  Channel  7. 
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DD4Q4  -  USB  EHEND 
Velocity  Meters 

V'S  *  Photo  270,  Supply  Office,  Directed  to  port  on  starboard  bulkhead 
frame  61,  about  3  ft.  above  deck.  Note;  Travel  to  base  stop  la  l”  ±  1/22? 

A.  (1)  Pig.  47,  Channel  8. 

B.  Pig.  47,  Channel  8, 

V*9  «  Photo  290.  Main  battery  director.  Directed  up  on  gage  bracket 
Just  Inside  starboard  door.  Note:  Travel  to  base  stop  is  1*  ±  1/22*  . 

A.  (2)  Record  not  distinguishable. 

B.  Record  not  distinguishable. 

V*10  «  Photo  290.  Main  gun  director.  Directed  to  port  on  gage  bracket 
just  inside  starboard  door. 


A.  (2)  Fig.  47,  Channel  10. 

B.  Fig.  48,  Channel  10. 


COMMENTS 

Test  Able  Range  3038  ft  Bearing  61° 

Putty  gages  Gl,  G7,  G8,  G1Q,  G15  and.  G16  were  the  only  gages 
to  show  any  reading.  All  these  were  on  or  very  close  to  bulkheads 
or  structures  acted  upon  directly  by  the  pressure  wave.  In  fact  all 
these  structures  were  dished  severely  by  the  pressure.  Note  that 
G2  which  was  about  5  ft.  below  the  waterline  was  uiiaffected  while' 

Gl,  5*  above  the  waterline,  read  450g. 

Reed  gages  R”l  and  R?10  had  high  readings  in  accord  with  the 
putty  gages  adjacent  to  them.  Both  show  a  long  duration  shock  as 
indicated  by  their  frequency  response  curves.  R#10  was  on  the 
Supply  Office  bulkhead  which  was  ruptured  and  dished  several  inches, 
and  .indicates  an  ^equivalent  shock  duration”  of.  20  mUliseconds.  R”l 
indicates  an  equivalent  duration  of  10  and/ or  2  millisecoRds.  The 
difference  in  response  frequency  is  tentatively  attributed  to  difference 
in  natural  frequency  of  the  structures  on  which  the  gages  were  mounted, 

i 
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The  lndenter  gage  readings  are  fairly  consistent  with  the  other 
gage  readings,  Qlf  Q2,  Q4,  and  Q5  ail  had  rather  low  readings  ap¬ 
parently  because  they  were  tied  In  closely  with  heavy  rigid  moontlng 
bases  rather  than  the  light  structures  with  extensive  exposed  areas 
which  produced  large  putty  and  reed  gage  readings.  Q3  at  the  port 
side  location  corresponding  to  Q4  on  the  starboard  side  read  high 
for  xvasons  not  apparent  Q3  gave  a  reasonable  reading;  Q7  seems 
rather  high.  Q8  was  adjacent  to  G7  and  G8  and  read  50^,  and  500% 
higher  than  these  putty  gages  for  the  same  directions. 

Velocity  meters  V*8  and  V*10  indicate  shocks  in  agreement  with 
the  similarly  placed  reed  gages  and,  putty  gages.  V*8  records  a 
velocity  change  of  about  18  ft/sec.  in  an  interval  of  10  milliseconds 
at  time  equal  to  .165.  in  this  Interval  the  greatest  slope  corresponds 
to  about  HOg,  as  compared  with  2Q0g.  recorded  by  G8  at  the  same 
location.  A  transient  ^ibratian  of  about  70  cps  is  discernable.  R*10 
at  this  location  indicated  a  disturbance  of  about  100  cps.  The  V'lQ 
record  is  otf  a  quite  different  nature,  presumably  because  the  gage 
location,  was  not  closely  connected  with  exterior  surfaces.  Inter¬ 
pretation  of  this  wave  is  difficult  since  the  sudden  velocity  changes 
at  .12  and  .15  seconds  are  probably  due  to  bottoming  of  the  gage.  The 
rise  from  ,075  to  ,12  seconds  is  gradual  and  corresponds  roughly  to 
the  natural  vibration  frequency  of  the  spring  supported,  mass  of  the 
velocity  meter.  Since  the  adjacent  putty  gage  read  100g.r  it  is  con¬ 
cluded  that  the  velocity  change  produced  by  the  IQOg,  acceleration 
was  not-  large  enough  to  be  apparent  on  the  velocity  meter  record. 

In  summary,  500g»  seems  to  be  a  fair  estimate  of  the  acceler¬ 
ation  of  structures  having  a  high  ratio  of  directly  exposed,  area  to 
resistance  to  motion  (i.e,  mass  or  rigid,  connection  to  massive  un¬ 
exposed  members).  Locations  immediately  adjacent  to  the  above 
but  not  close  to  very  heavy  members  registers  about  100-2G0g„ 
Examples  of  these  latter  locations  are  within  the  gun  director.,  with¬ 
in  the  Engineers  Record  Office,  on  the  deck  of  C.I.C.,  etc..  Heavy 
masses  such  as  the  5^.  guns  and  the  torped  o  tube  base  undergo 
accelerations  less  than  IGQg,  and  structure  over,  sayP  5  ft.  away 
from  the  exposed  surfaces  show  accelerations  under  100g.  even  with¬ 
out  benefit  of  adjacent  massive  items. 

Test  Baker  Range  6825  ft.  Bearing  318® 

The  instrumentation  was  planned  for  direct  exposure  of  the 
starboard  side  to  the  shock  waves,  while  the  port  bow  was  actually 
closest  to  the  explosion.. 
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The  only  putty  gages  to  show  readings  were  Gl,  G10,  G14,  and 
G15  of  which  only  G1  and  G14  were  of  significant  magnitude,,  Since 
the  indentations  of  G14  were  very  small  and  a  zero  reading  is  indicat¬ 
ed  by  the  location  and  the  readings  of  the  other  gages,  it  is  considered 
that  the  G14  reading  should  be  ignored.  The  G1  reading  also  Is 
questionable  since  the  identical  location  on  the  DD408  showed  no  read- 
bag  and  its  location  was  very  likely  to  be  struck  by  a  tug  or  small  boat. 

All  the  reed  gages  showed  negligible  shock.  The  motorized  gages 
recorded  the  underwater  and  airblast.  shocks  separately  on  the  time 
scale.  The  motorized  reed  gages  show  a  trend  which  is  supported  by 
the  velocity  meters  and  other  gages  in  that  the  keel  and  hull  gages 
suffered  less  shock  due  to  the  underwater  pressure  than  those  in  the 
superstructure.  This  is  a  contradiction  to  the  generally  accepted 
rule  that  the  shock  in  the  hull  us  greater  than  that  above  the  waterline. 
This  will  be  discussed  in  the  comments  on  the  destroyers  as  a  class. 

'While  the  motorized  reed  gage  records  do  not  permit  definite 
separation  of  the  successive  pulses  prior  to  the  airblast,  they  show 
excitation  by  these  pulses  up  to  1.3  seconds  after  the  initial  excita¬ 
tion.  The  major  pulses  are  usually  apparent  however, 

V?7,  V*8?  and^V’lO  were  the  only  meters  to  show  readings  above 
the  background.  V?7  and  V*10  record,  low  and  apparently  reliable 
indications  of  the  successive  underwater  pressur*.-  waves,  \f  8  shows 
one  definite  pulse  and  vibration  probably  at  the  bulkhead  natural 
frequency  but  it  is  not  certain  whether  this  is  due  to  air  or  water 
pressure.  Note  that  these  gages  were  in  the  superstructure. 

Q3  and  Q9  were  the  only  indenier  gages  which  recorded,  a  shock. 

It  may  be  significant  that  both  were  on  the  port  side,  Q9  is  within, 
the  gun  director  and  yields  a  higher  reading  than  the  putty  gages  and. 
the  indenter  gage  on  the  starboard  side  of  the  director  or  ihe  ind, enter 
gage  at  the  base  of  the  director.  This  suggests  that  its  reading  and 
probably  that  of  Q9  were  caused,  by  the  airborne  pressure  wave. 

While  ihe  shock  recorded  was  low,  data  was  obtained  on  ihe 
variation  in  shock  with  location  in  the  ship.  Both  air  and  water 
pressure  produced  readings  but  the  distribution  of  the  waterborne 
shovk  is  thus  far  anamalous. 
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DD406  -  US6  STACK 
Putty  Gages 

G1  •»  Similar  to  photo  261.  Aft  fireroom,  compartment  B-2-1.  Directed 
t©  par l  on  starboard  frame  9F  4  ft  below  upper  grating  leveL 

/ 

A.  (S)  less  than  5Qg.  B.  Less  than  50g. 

G2  ~  Similar  to  photo  262.  Aft  fireroom,  compartment  B-2-1.  Direct^ 
ed  up  m  top  of  keel  10”  forward  of  frame  101. 

A.  Less  than  50g.  B.  Less  than  5Gg. 

GS  »  Photo  291.  C  L.C.  Directed  up  cm  deck  5#>  Inboard  from  starboard, 
bulkhead,  just  inside  starboard  door. 


A.  (2)  90g»  B.  30g. 

G4  -  Photo  292.  Supply  Office.  Directed  to  port  on  beam,  frame  61, 
3  fL  from  beam  on  ship's  center  line  and  to  starboard. 

A.  (2)  40g.  B.  Less  than  20g. 

Reed  Gages 

R'l  «■  Similar  to  photo  260.  Aft  fireroom.,  compartment  B-2-1. 
Directed  to  pert  an  starboard  .frame  101.  4  ft.be]  ow  upper  grating 
level. 
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R?2  -  Similar  to  photo  262.  Ait  fireroom,  compartment.  3*2-1.  Vertical 
an  top  of  keel  at  frame  101.  Directed  up. 


Graph 

A,  (3)  Readings  all  zero. 

B.  Figure  52 
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TOP  SECRET 


DD4S6  -  USS  STACK 


COMMENTS 

Tost  Able  Range  3996  ft.  Bearing  31* 

The  gages  below  the  waterline  indicated  negligible  shock  although 
R*S  on.  the  keel  had  a  Blight  shock.  The  patty  gages  In  C.LC.  gave  am d- 
ings  of  90  and  4Qg-  in  good  correlation  with  ihe  similarly  place  gages 
«f  the  DD390  and  DD404. 

Test  Baker  Range  6160  ft.  Bearing  324* 

Instrument*  were  placed  in  expectation  of  Incidence  of  the  pares- 
rare  wave  on  the  starboard  side  rather  than  the  port  bow.  The  under- 
water  reed  gages  Indicated  aligh  t  shock.  The  only  putty  gage  which 
had  a  record  was  vertical  in  C.LC.  which  supports  the  anomalous  data 
of  the  DD404,  DD402,  etc. 
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DD408  -  WILSON 
Putty  Gages 

G1  -  Photo  293,  Aft  fireroom,,  compartment  B-2-1.  Directed  to  port 
68”  below  main  decft  on  starboard  hull  frame  101.  First  frame  fwd. 
of  aft  bulkhead  of  aft  fireroom. 

A,  (1)  less  than  50g.  B.  Less  than  50g. 

G2  -  Photo  294.  Aft  fireroom,  compartment  B-2-1.  Normal  to  hull 
frame  101  on  starboard  side  of  ship  48”  below  upper  grating  level. 

A.  (3)  less  than  50g.  B.  Less  than  50g. 

G3  -  Photo  295  and  317.  Aft  fireroom,  compartment  B-2-1.  Directed 
up  on  center  line  of  keel  46”  forward  of  frame  104.5, 

A.  (3)  less  than  50g,  B.  Less  than  50g. 

G4  -  Photos  296  and  297,  Forward  engine  room,  compartment  B-3-1. 
Directed  up  on  mounting  pad  of  starboard  J.ow  pressure  turbine  found¬ 
ation. 


A,  (3)  less  than  20g,  B,  Less  than  20g„ 

G5  -  Photo  298,  Forward  engine  .room,  compartment  B-3-1.  Directed 
to  port  on  mounting  pad  of  starboard  low  pressure  turbine  foundation. 

A,  (3)  less  than  20g,  B.  Less  than  20g„ 

G6  -  Photo  299,  Forward  engine  room,  compartment  B-3-1.  Directed, 
down  on  foundation  of  main  switchboard, 

A,  (3)  less  than  20g,  B.  40g, 

G7  -  Photo  300,  Main  battery  director.  Directed  up  on  special 
bracket  just  inside  starboard  door, 

A.,  (2)  less  than  20g,  B»  Less  than  20g, 

G8  -  Photo  300.  Main  battery  director  (Mark  33).  Directed  to  star¬ 
board  on  special  bracket  just  inside  starboard  door. 

A.  (2)  40g,  B.  30g, 
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G9  -  Similar  to  photo  259.  Supply  Office.  Directed  up  on  deck  about 
6”  from  Aboard  bulkhead.  On  center  line  of  beam  at  frame  60. 

A,  (3)  50g,  Bo  3  ,ess  than  2 0g. 

G10  -  Similar  to  photo  270,  Supply  Office,  Directed  to  port  3  it  above 
deck  cn  starboard  bulkhead  at  frame  60, 

A,  (1)  150g,  Bo  90g, 

Gil  -  No  Photo,  Directed  up  on  top  of  mast  on  antenna  foundation, 

A,  (1)  less  than  2Qg,  B.  Less  than  20g, 

G12  -  No  photo.  Directed  to  port  on  top  of  mast. 

A,  Less  than  20g,  B»  Less  than  20g„ 

G13  -  Photo  301.  (3)  Forward  engine  room.  Directed  up  on  turbo¬ 
generator  base.  Inboard  turbo- generator  on  upper  grating  level  at 
approximate  frame  114, 

A.,  (3)  less  than  20g-  B.  6Ug . 

G14  -  Photo  301.  Forward  engine  room.  Directed  to  port,  on  inboard 
turbc- generator  base  on  upper  grating  level  at  approximate  frame  1.14, 

A,  (3)  less  than  bog,  B»  50g, 

G.i5  -  Similar  to  photo  271,  i;,LC,  Directed  to  port  on  deck  bracket 
5Ji>  to  port  of  starboard  bulkhead  at  frame  62, 

A„  (2)  80g,  B,  Less  than  20g. 

/ 

G16  -  Photo  S02,  Engineer’s  record  office.  Directed  up  on  deck  8** 
port  of  starboard  bulkhead  at  frame  101. 

A.  (2)  30g,  B,  40g, 
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Need  Gages 

R”l  -  Photo  293.  Slow  speed..  Aft  fireroom,  compartment  B-2-L 
Directed  to  port  on  starboard  shell  frame  101,  52”  below  main  deck. 

Graph  Record  20  cps  40  cps 


Up 

Dn 

Up 

Dii 

A.  (1)  Fig. 54  Fig.  55 

.15 

.16 

.125 

.IS 

B.  wave  1  Fig. 62  Fig. 63 

.025 

.015 

.02 

.02 

B.  wave  2  Fig.  62  Fig. 64 

.035 

.07 

.025 

.05 

RJ?2  -  Photo  303.  High  speed.  Aft  fireroom,  compartment  B- 2-1  „ Direct¬ 
ed.  to  port  starboard  shell  frame  93,  59”  below  upper  grating  level  (third 
frame  forward  of  aft:  bulkhead). 

Graph  Record 

20 

Up 

cps 

Dn 

40  cps 

Up  Dn 

A,  (3)  Fig, 56 

,055 

,045 

0 

0 

B.  wave  1  Fig, 65  Fig,  66 
Fig, 6 7 

.026 

.025 

,01 

.01 

B,  wave  2  Fig. 65  Fig, 68 

,095 

,11 

.035 

,035 

R”3  -  Phoio  317.  High  speed.  AH  fireroom., 
ed  up  on  center  line  of  keel  a>  frame  101 

compartment  B- 

-2-1. 

Direct  - 

Graph  Record 

20  cps 

Up  Dn 

40 

Up 

cps 

Dn 

A,  (3)  Readings  all  zero 

B.  wave  1  Fig. 69  Fig.  70- 76 

,13 

.135 

,035 

.04 

Be  wave  2  Fig.  6  9  Fig. 77 

,025 

,025 

,02 

,02 

4b 
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Reed  Gages 

R*y4  -  Photo  296,  Slow  speed.  Forward  engine  room,  compartment 
3-3-1,  Directed  up  on  mounting  pad  of  starboard  low  pressure  turbine* 

Graph  Record  20  cps  40  cps 


A.  (3)  Readings  all  zero 

Up 

Dn 

Up 

Dn 

B.  wave  1  .Fig.  78  Fig.  7  9 

.02 

.02 

.02 

.02 

B.  wave  2  Fig. 78  Fig,80 

.02 

.02 

.01 

.or 

R*'5  -  Photo  297,  Slow  speed.  .Forward  engine  room,  compartment 
B-3-1,  Directed  to  port  on  mounting  pad  of  starboard  low  pressure 
turbine. 


Graph  Record 

20  cps 

40 

cps 

Up 

I)n 

'  Up 

Dn 

A.  (3)  Readings  all  zero. 

B.  wave  1  Fig,81  Fig. 82 

.02 

,02 

.01 

.01 

B.  wave  2  Fig, 81  Fig. 83 

,02 

.01 

.01 

.01 

<r 

R^6  -  Photo  3G4.  Slow  speed.  Forward  engine  room, 

compartment  B-3-1. 

Directed  down  on  foundation  of  main  swilohboa 

rd. 

Graph  Record. 

20  cps 

40  cps 

Up 

Dn 

Up 

Dn 

A.  (3)  Fig.  57  Fig.  58 

,015 

.025 

.01 

.01 

B.  wave  1  Fig, 84  Fig. 85 

.035 

.025 

.02 

.02 

B,  wave  2  Fig.  84  Fig. 86 

,13 

.  ,19 

.01 

.03 

R*'7  -  Similar  to  Photo  27C„  High  speed.  Main  battery  director  (Marie  33), 

Directed  up  on  special  NRL  bracket  just  inside 

;  starboard  door. 

A.  (2)  Fig.  59 

.13 

.15 

.01 

.03 

B.  wave  1  Fig. 87  Fig, 88- 94 

,035 

.025 

.02 

.02 

B,  wave  2  Fig, 87  Fig, 95- 96 

.07 

.11 

.025 

.025 
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Reed  Gaged 

R"8  -  Similar  to  photo  273,  Main  battery  director  (Mark  33).  Directed 
to  starboard  on  special  NRL  bracket  just  inside  starboard  door. 


Graph  Record 

Up  Dn 

20  cps 

Up  Dn 

40  cps 

A,  (2)  Fig.  60  " 

.168 

.165  - 

.045  .025 

Bo  Readings  all  zero. 

R,?'.'  -  Similar  to  photo  274.  High  speed.  Directed  up  on  deck  about  30w 
to  starboard  of  port  bulkhead.  Gn  center  line  of  beam  under  frame  60. 

Graph  Record 

20  cps 

Up  Dn 

40  cps 

Up  Dn 

A,  (3)  Readings  all  aero 

B,  wave  1  Fig, 97  Fig.  98- 99 

,065 

,065 

o02  .035 

Bo  wave  2  Fig, 97  Fig.  100 

.02 

,02 

,02  .015 

RJ10  -  Photo  305,  Supply  Office,  Directed  to  por‘:  3 
board  bulkhead  frame  63, 

f:.o  above 

deck  on  star' 

Graph  Record  20  c 

Up 

:pS 

Dn 

40  cps 

Up  Dn 

Ao  (1)  Fig,  61  ,67 

,77 

,97 

,65 

B»  Figure  101  ,315 

.135 

.7° 

,60 

Indenter  Gages 

Q1  -  Photo  306,  Number  4,  5"  gun.  On  foundation  at  standing  platform 
level  on  starboard  side  of  gun  supports,  2  ft,  aft  on  starboard  side 
of  breech  clearance  depression  in  deck.  Directions  assume  gun  to  be 
pointing  aft. 


Up 
Dn 
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A 


B 


50g. 

30 


Up 

Dn 


55g, 

85 


DD408  -  WIL8QN 
Indenier  Gages 
Q1  -  continued. 


03 

o 

o 

40 

« 

o 

00 

20 

170® 

25 

170® 

30 

260® 

50 

260® 

20 

360® 

30 

350® 

20 

Q2  *  Similar  to  photo  306.  Number  3,  5’*  gun.  Same  position  as  Q1  with 
respect  to  gun. 

A  B 


Up 

85g, 

Up 

55g, 

Dn 

SO 

Bn 

40 

80® 

40 

75® 

30 

170® 

25 

165® 

15 

260® 

30 

255® 

20 

$60® 

25 

345® 

40 

Q3  -  Photo  307.  Port  Mark  51  director.  Directed  up  on  starboard  side 
of  director  foundation  at  platform  level. 

A  B 


Up 

40g. 

Up 

35g„ 

Dn 

Dn 

35 

15® 

100 

15® 

40 

105° 

45 

105° 

0 

195®' 

— 

195® 

40 

285® 

60 

235® 

55 

Q4  -  Photo  308,  Starboard  twin  mount  40  mm  gun.  On  underside  of 
foundation  at  intersection  of  I-beams  on  starboard  and  aft  corner  of 
inner  square  formed  by  these  beams. 


A 

Up 

50g. 

B 

Up 

20g 

IM 

70 

Dn 

25 

0® 

— 

45° 

20 

90 

60 

135® 

50 

180® 

55 

225° 

30 

270® 

45 

315® 

50 
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Usdenter  Gages 

Q5  -  Photo  309.  Starboard  torpedo  director.  Vertical  on  platform  at 
base  of  director  on  port  aft  corner  of  foundation.  Navigation  bridge. 

A  B 


Up 

90g. 

Up 

25g. 

Dn 

80 

Dn 

20  • 

.10* 

110 

30® 

90 

100° 

75 

120® 

65 

lid* 

75 

210* 

65 

280° 

90 

300* 

25 

Q6  «  Photo  310.  Port  torpedo  director.  Vertical  on  platform  at  base 

of  director  on  starboard  aft  corner  of  foundation. 

A 

B 

Up 

60g. 

Up 

llOg. 

Dn 

20 

Dn 

110 

45° 

80 

45® 

50 

135° 

60 

135® 

40 

225® 

70 

225* 

50 

315® 

55 

315® 

30 

07  -  Photo  311,  Mark  33  gun  director.  On  deck  at  base  of  director 

near  port,  side  of  aft  brace  stiffener. 

Vertical, 

A 

B 

Up 

30g, 

Up 

30g. 

Dn 

30 

Dn 

55 

80® 

35 

0® 

50 

170® 

40 

90® 

20 

•260® 

50 

180° 

25 

350® 

90 

270® 

35 

Q 8  -  Similar  to  photo  273,  Main  dire 

'ctor  (Mark  33} . 

Ir  J.ae  starboard 

door  on  special  URL  bracket 

A 


B 


Up 

Dii 


95g, 

55 


Up 

Dn 


35g, 

65 
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Q$  ®  c  ontinued 


’  > 

A  B 


80* 

95g. 

0* 

65 

170* 

40 

90* 

50 

260° 

90 

180* 

50 

350* 

55 

270* 

40 

Q9  -  Photo  312.  Port  torpedo  tubes.  On  deck  324°  clockwise  from 
port  about  6”  from  foundation  column.  Vertical. 


A  B 


Up 

30g. 

Up 

BOg. 

Dn 

50  . 

Dn 

30 

75* 

25 

80* 

65 

165* 

35 

170* 

90 

255* 

20 

260* 

65 

345* 

30 

350* 

80 

Q10  -  Photo  294.  Aft  fireroom,  compartment  B-2-1.  On  shell  4  ft  8,? 
below  upper  grating  level  at  frame  101,  starboard  side.  Normal  to 
flange  of  frame. 


A 

Normal  trib’d  50g. 

B- 

Normal  ihb'd. 

55g. 

Normal 

•utb  d.45 

Normal  outbid 

25 

Up 

30 

Up 

55 

*Dn 

50 

fDn 

45 

fcr*d 

75 

For*d 

aft 

50 

Aft 

50 

*  These  directions  all  in  plane  tangent  to  shell 
Shock  displacement  Gages 

01  -  Photo  315.  Aft  fixer  oomr  compartment  B-2-1.  Directed  to  port 
cn  starboard  frame  93?  4  ft.  below  main  deck. 

B.  Record  -  Fig.  102  a  -  d 
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02  -  Photo  303  and  31.6,  Aft  flreroom,  compartment  3-2-1.  Normal 
to  starboard  frame  93,  1  ft  above  lower  grating. 

B.  Record  not  reproduced  but  is  available, 

03  -  Photo  317.  Aft  flreroom,  compartment  B-2-1.  Directed,  up  on 
frame  101  near  keel. 


B>  Record  -  Fig.  103  a  -  c 

04  -  No  photo.  Forward  engine  room,  compartment  B-3-1*  Directed 
to  port  mounting  pad  of  low  pressure  turbine  foundation. 

B.  Gage  motor  failed  to  operate. 


Velocity  Meters. 

V*l.-  Photo  313.  Fig,  104  and  same  as  404.  Test  Able.  Aft  flreroom, 
compartment  B-2-1,  Normal  to  starboard  shell  .frame  101,  28,?  below 
upper  grating  level, 

A.  (3)  Record  noi  distinguishable. 

B,  Record  not  distinguishable, 

V?2  -  Photo  317,  Aft  fireroom,  compartment  B-2-1,  Directed  up  on 
top  of  keel  at  frame  1.0.1, 

A,  (3)  Record  not  distinguishable, 

B.  Record  not  distinguishable, 

V53  -  Photo  293,  Aft  flreroom,  compartment  Normal,  to  star¬ 

board  shell  frame  .10.1  ?  5  ft,  below  main  deck, 

A.  (1)  Record  not  distinguishable, 

B.  Record  noi  distinguishable. 


51 


TOP  SECRET 


DD4.Q3  -  WILSON 
Telocity  Meters 

T'4  «  Photo  297,  Forward  engine  room,  compartment  B-3-.L  Directed 
up  cm  mounting  base  of  starboard  low  pressure  turbine. 

A.  (3)  Record  not  distinguishable. 

Be  Record  not  distinguishable. 

V*f>  -  Photo  314.  Forward  engine  room,  compartment  B-3-1.  Directed 
dov.n  an  beam  under  starboard  end  of  main  switchboard. 

A.  (3)  Record  not  distinguishable. 

B.  Record  not  distinguishable. 

V*6  Similar  to  photo  270.  Supply  Office.  Directed  to  port  on  frame 
61  of  starboard  bulkhead  3  ft.  above  deck. 

A.  (1)  Fig.  47.  Channel  6. 

B.  Fig.  104.  Channel  6.  ' 

T’7  -  Similar  to  photo  269.  Supply  Office.  Directed  up  on  deck  over 
beam  at  frame  60.  About  one  fool  from,  inboard  bulkhead. 

A.  (3)  Record  not  distinguishable. 

B.  Fig.  104,  Channel  7. 

V^S  -  Photo  300.  Main  Battery  Director.  Directed  up  on  special  NRL 
bracket. 


A.  (2)  Record  not  distinguishable. 

B.  Fig.  104,  Channel  8. 


COMMENTS 


Test  Able  Range  44.39  ft.  Bearing  24° 

Putty  gages  G8,  G9,  G10,  G15,  and  G16  were  the  only  one  to 
show  readings.  They  support  very  well  the  pattern  of  putty  gage 
readings  on  the  DD404.  though  they  were  but  .1/2  to  2/S  as  large, 
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COMMENTS 

with  the  exception  that  G1  showed  no  reading  instead  of  the  highest. 

All  indenter  gage  readings  were  less  than  llQg.  and  are  also 
fairly  consistent  with  DD  404  indenter  gage3, 

Reed  Gages  R/S%  R^,  and  R*10  were  the  only  reed  gages  to 
register  more  than  a  negligible  shock  and  are  consistent  with  the 
DD404  readings  and  the  other  gages  of  the  DD408. 

W' 6  was  on  the  Supply  Office  Dulkhead  and.  was  the  only  velocity 
meter  to  give  a  signal  dlscemable  above  the  background.  A  steady 
acceleration  of  about  35g„  average  for  a  duration  of  10  milliseconds 
starting  at  .095  seconds  Is  followed  by  a  large  transient  vibration,  df 
frequency  43.5  cps.  This  transient  has  an  amplitude  of  2.5  ft/ sec 
which  is  equivalent  to  a  ,11  inches  amplitude.  Note  that  bottoming  of 
the -meter  occurred  at  the  time  equal  to  ,103  sec,,.  .116  sec,.  ,172. 

.202  sec,,  etc.  This  meter  was  adjacent  'oR\10  and  G10.  RyJ,0  to¬ 
gether  with  G10  indicates  a  peak,  acceleration  of  1.5()g.  The  reed 
gage  indicates  a  disturbance  having  a  characterise  frequency  of 
about  40  cps,  thus  agreeing  very  well  with  v"6.  \r  8  on  rhe  DD404 
in  a  similar  location  indi.ca.~ed  a  70  cps,  franc;:  -:ru  v:  bracion  and  a 
10  millisecond  ini  dal  acceleration  peri  od 

Test  Baker  Range  T  Bearing  33 

Instruments  were  pla.-ed  in.  expectation  at  ineiden'  e  ot  rhe 
pressure  wave  on  the  s  tar  board  side  rather  *har,  the  por*  bow. 

Put'y  gages  G6,  08.  G 1 0,  G13.  014.  and  G16  showed  readings 
but  all  of  these  were  less  than.  lOOg.  Of  these,  the  readings  of  G. 1.3 
and.  G14.  are  in  doubi  be.  3 use  they  alone  were  on  a  base  whose 
temperature  was  about  200°.  Such  tempera iures  seem  m  cause 
slight  swelling  of  ‘he  putty  and  -ause  therefore,  small  indentations. 

Reed  gage  R  ‘  10  alone  had  a  sizable  reading  which  was  due  to 
airblasi  on  the  bulkhead  :o  which  it  was  attached.  Readings  of  the 
motorized,  gages  were  adequate  u,  indicate  a  series  of  shocks  prior 
to  the  aii’blasi,  -he  las;  one  arriving  about  1.2  seconds  after  the 
fir  so  r’33  and  R'’9?  had  about,  equal  deflections  of  the  20  and  40  cycle 
reeds  during  wa*  e  1  and  therefore  indicated  about  equal  shocks  on  the 
fireroom  keel  and  !he  deck  of  ;he  Supply  Office, 
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Velocity  meter  records  V'6?  v’7,  and  V*8  were  greater  than 
the  background  ,  V’6  was  on  the  same  bulkhead  as  G10  (which  read 
90g)  and  EJ10  which  showed  a  disturbance  of  about  40  cps  and  a  peak 
acceleration  of  about  120g,  The  transient  vibration  an  the  V*  6  record 
is  about  38  cps  and  the  initial  acceleration  is  only  17g»  V*7  and  V^Q 
are  vertical  in  the  superstructure  and  indicate  that  the  superstructure 
shocks  in  accord  with  V*7  and  V^IO  of  the  DD404,  All  four  of  these 
velocity  meters  indicate  a  period  of  ,08  seconds  between  these  shocks 
particularly  those  in  the  region  ,10  to  ,80  seconds. 

All  ind enter  gages  recorded  less  than  lOOg.  except  Q6  on  the 
port  torpedo  director  which  read  110g,,  probably  as  a  result  of  air- 
blast. 


As  on  the  DD4G4,  the  shock  recorded  was  negligible.  The 
data  seems  valuable  only  in  its  relation  to  the  problem  of  shock 
propagation  through  a  ship  and  the  question  as  to  the  origin  of  the 
many  pulses  of  shock. 
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VELOCITY  CURVES  OBTAINED  FROM  V1  GAGES 


FM  WIRE  RECORDER 
TEST:  BAKER 
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CHANNEL  7  TRACE  3 
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DD  410  HUGHES 
GAGE  LOCATIONS 


FIG.  105 


DD410  -  HUGHES 


Putty  Gages 

G1  -  Similar  to  phoio  261,.  Aft  tireroom,  compartment  B-2-1.  Directed 
to  port  on  frame  97  starboard  4  ft  below  upper  grating  level, 

A,  (3;  less  than  50g„  B„  — — 

G2  »  Similar  to  photo  262,  Aft  fixer  com,,  compartment  B-2-1.  Directed 
up  on  top  of  keel  at  frame  100, 

Ac  (3)  less  than  50g,  B. 

Reed  Gages 

R*1  -  Similar  to  photo  26C  Aft  lireroom,  compartment  B-2-1.  .Directed, 
to  port,  on  frame  93  starboard,  4  fa  below  upper  grating  level. 

Graph  20  cps  40  cp.s 
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A,  (3)  Fig,  106 
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B,  Not  recovered. 

R'2  -  Similar  to  photo  282.  AT,  Urn  o 
up  on  frame  100  about  10"'  par1  of  A  ' 

ioro  rii  i",  on  r -  r 

’  -rex  hi,-. 

new  B~ 

2-1..  D 

Grpah 

7°  -'PS 

Up  Dn 

40 

Up 
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Dn 

A,  (3;  Readings  all  z 

ere 

B.  No*  re '  over  ed- 

COMMENTS 

Test  Able  Range  3084  ft.  Bearing  .1.92  9 

All  gages  showed  very  slight  shock  since  they  were  all  below 
the  water  line,.  and  the  ship  was  stern  to  the  explosi  on. 

Test  Baker  Range  1300  fa  Bearing  9.1° 

These  gages  were  not  recovered  due  to  .flooding,  This  was  un¬ 
fortunate  since  the  ship  was  properly  oriented  arid  sustained  high  shock 
damage  while  receiving  just  enough  hull  damage  to  flood  slowly 
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DD419  -  WAINWRIGHT 
Putty  Gages 

G1  -  Similar  to  photo  261*  Aft  fireroom,  compartment  B-2-1.  Athwart- 
ships  cm  starboard  frame  101,  4  ft  below  upper  grating  level.  Directed 
to  port 

A.  (3)  less  than  20g„  B.  Less  than  20g. 

G2  -  Similar  to  photo  262.  Aft  fireroom,,  compartment  B-2-1.  Vertical 
an  top  of  keel  at  frame  101.  Directed  up.  . 

A.  (3)  less  than  20g,  B,  Less  than  20g. 

G3  -  Photo  318.  C.I.C.  Vertical  on  deck,  at  frame  56,  23?J1  inboard  from 
starboard  bulkhead.  Directed,  up. 

A,  (2)  40g„  B„  Less  than  20g. 

G4  »  Photo  318.  C.LC,  Athwartships  on  deck,  at  frame  56,  4!>s  in1'  yard 
from  starboard  bulkhead,.  Directed  to  port 

A.  (2)  40g„  B,  Less  than  2^g, 

Reed  Gages 


R*1  -  Similar  to  photo  260.  Aft  fireroom,,  o  par? meet  B-3kL  Athwart- 


ships  on  starboard  frame  97.  4  ft,  below 

:.op  ■»:;  grating  l-vel 

...  directed. 

to  part. 

90  -.of* 

40  ops 

Graph  ■ 
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rJp  Pn 

A.  (3)  Readings  all  zero 

» 

B,  Fig.  1C8 

.02  0- 

0  ,015 

W2  -  Similar 

to  photo  262.  Aft.  fireroom. 

compartment  B~2® 

-1.  Vertical 

on  top  of  keel 

24’ forward  of  frame  101- 

Di.reiQi.ed  up. 

A.  (3;  Readings  all  zero® 

B.  Mutilated.  Readings  probably  all  zero. 


COMMENTS 

Test.  Able  Range  6477  ft.  Bearing  342° 

4.0g,  was  recorded  by  the  two  superstructure  putty  gages  while 
all  the  gages  below  the  water  line  registered  no  shook,. 
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COMMENTS  ON  DESTROYERS 


ABLE 


The  DD404  was  subjected  to  12  psi  alrblast  pressure  as  compar¬ 
ed  Lo  the  21  psi  which  sank  the  D.J367,  It  seems  reasonable  to  assume 
that  lb  to  17  psi  is  the  maximum  at  which  the  shock  measurements 
would  be  of  interest  As  a  first  approximation  to  the  shock  on  a  de¬ 
stroyer  at  a  range  corresponding  to,  say  16  osi,  the  DD404  readings 
should,  be  multiplied  by  a  factor  of  about  1,3,  This  is  of  course  the 
pressure  ratio  bu:  it  seems  *o  be  fairly  well  substantiated  by  the  range 
vs,  reading  plots,  figures  171  and  172  and  'he  assumption  ’ha1  the  peak 
acceleration  is  proportional  ’o  the  peak  pressure, 

BAKER 


All  destroyers  instrumented  were  'urned  approximately  9Ca  to 
starboard  of  the  planted  headings.  This  resulted  in  exposure  of  the 
port  bow  rather  than  the  starboard  side  in  'he  cases  of  'he  DD’s  h  2, 
403,  404,  406,  408,  and  419,  The  records  were  far  smaller  than  indi¬ 
cated.  by  the  few  ships  of  other  types  which  were  o.r.ien.  ed  as  planned 
and  they  do  not  yield  a  clear  picture  of  the  charge  i  .  shok  as  i-  is  pro¬ 
pagated.  through  the  ship. 


Comparison  of  the  gage  readings  for  —  n  -.W,  does  indicate. 

quihe  consistency  ''ha:,  supers' rue 'u ;  a  tr.jm-  unST-ned  slightiy 

greater  shock  than  :he  hull  in  the  \/i  h'd'y  V  t.,*.  -  Lie  hull  gages 

were  on  the  keel  and  5  fee-  below  he  wa-  e- .  s -nr board  frame 
member,  T:  seems  certain  however,  ’ha-  im  hull  a  me  me  60  and 


forward  must  have  received  far  greath-m  shock 


■hap  "he  hull,  ah  frame 


.100,  This  is  supported  by  :hc  ’he cry  presen: 


on 


I  pt  r* 


ence  5,  Hull  plating  normal  to  -he  direction  of  propagator.  of  a  shock 
front  is  subjected  io  a  greater  impulse  from  'he  shock  wave  *han 
plating  inclined  to  he  direction  of  propaga :i on.  Plating  on  the  “6 shielded, 
starboard  side  is  affected  only  by  the  diffracted  wavp  Also,  the  wave 
which  reached  the  keel  a:.  frame  100  traveled  almost  parallel,  to  the 
keel,  r  must  have  been  diminished -in.  doing  so  by  the  yielding  of  the 


hull,  plates  in  a, fashion  similar 


ro  ihe  surface  cutoff  which  occurs  at.  an 


air-water  boundary.  These  effe^-s  were  din.roughly  demonstrated  by 
•the  British  tests  of  the  destroyer  H„M,S,  ^Cameron/'  reference  5  and 
are  believed  io  be  the  proper  explanation  of  die  data. 


The  velocity  meters  and  mo’orized  reed  gages  yield  data  as  to 
the  time  of  arrival  of  the  many  shocks. 
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FIG,  109 


SSI 84  -  SKIPJACK 
Put  ty  Gages 


Gi  -  Photo  319,  Forward  torpedo  room.  A'hwartships,  on.  port  frame  27. 
.12”  above  deck.  Dire  'ed  ‘o  starboard, 

A.  (31  less  than  50g.  B.  — - 

Reed  Gages 

R*1  -  Photo  320,  Forward  torpedo  room.  Fore  and  aft.  on  port,  frame  26, 
12”  above  deck. 

Graph  20  cps  40  :ps 

Up,  Dm  Up.  Dm 

A.  (3)  Readings  all  zero. 

B.  Sunk 

COMMENTS 

Able  Range  3612  f:.  Bearing  212° 

The  gages  did  not  record  any  shock, 

Baker  Range  242b  .fa  Bearing  226° 

The  submarine  was  submerged  f  ^  'Ts  .  -  a.,  ;  *d  was  sunk. 
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SSI  96  -  SEA  RAVEN 


Putiy  Gages 

G1  -  Photo  321.  Af  er  torpedo  room.  ALhwartshlps  t.i  web  of  vertical 
starboard  stiffener  on  aft.  side  of  bulkhead  164.  5*  above  deck.  Direct¬ 
ed  to  port. 

A,  (3)  less  than  50  g.  B.  200g. 

Reed  $ages 

R'l  -  Photo  32.1,  Afi  torpedo  room.  ALhwarrships  on  web  of  vertical 
starboard  stiffener  on  afi  side  of  bulkhead  164,  about  5  ft.  above  deck. 
Directed  to  port. 


Graph 

20 

cps 

40 

cps 

Up. 

Dn. 

Up. 

Dn. 

A, 

(31  Readings  all  zero. 

B, 

Fig.  111. 

,06 

,05 

.06 

.065 

COMMENTS 

Able  'Range  5568  f .  faring  126" 

The  gages  did  not  record  any  shoT 

Baker  Range  4350  f*.  Bearing  140® 

The  submarine  was  cut: nr  rg'\J  a.  80  f  .  keel  o-pT.  A  lew 
minor  evidences  of  sho'k  are  repored  by  DSM.  Th  ■  gag1-  ioaaT'ns 
probably  re.orded  the  maximum  shcrk  on  dns  ship  except  for  lo¬ 
cations  on  .he  hull  or  hull  frame  numbers.  Tin  r,?"-d  gage  .indicates 
a  critical  frequency  of  aboud  300  cos.. 
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SS203  -  TUNA 


Putty  Gages 

G1  -  Photo  322,  Aft  torpedo  room,  Athwartships  on  starboard  frame 
112r  36**  above  deck  Directed,  to  port. 

A,  (3)  less  than  50g,  B.  Not  installed. 

G2  -  Photo  323,  1  orward  torpedo  room.  Athwartships  on  port  frame 
32,  S  '*  above  deck.  Directed  to  s  tarboard - 

A..  Not  installed.  B.  250g„ 

Deed  Gages 

]R'\l  -  Similar  to  photo  347a.  Aft  rorpedo  room..  Athwartships  on  star¬ 
board  frame  113,  48a*  above  deck.  Direct  to  port. 

Graph  20  ops  •  4.0  cps. 

Up.  Dm  Up,  Dn, 

A,  (3)  Readings  all  zero, 

B.  Not  installed. 

R?2  -  Photo  324.  Forward  iorpedo  room,  Ah^ar  *  shies  on.  per.  frame 
27,  24**  above  deck.  Directed  to  star  boa  r-U 


Graph 

20  : 

os 

40 

cps 

A,  Not  installed , 

Up. 

Dn. 

Up. 

D 

B.  Fig.  113. 

.05b 

.05 

„07 

,  06 

COMMENTS 

Able  Range  5790  ft.  Bearing  47° 

The  gages  did  not  record  any  shock. 

Baker  Range  5525  ft.  Bearing  341° 

The  submarine  was  submerged  io  80  ft.  keel  depth.  A  few 
minor  evidences  of  shock  are  reported  by  DSM,  The  gages  proba¬ 
bly  recorded  the  maximum  shock  .in  the  vessel  due  to  their  location. 
The  reed  gage  .indicates  a  critical  frequency  at  210  cps  and  possibly 
another  at  600  cps. 
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SS  305  SKATE 
GAGE  LOCATIONS 


FIG.  *14 


A-2609 


SS30f)  -  SKATE 


Putty  Gages 

G1  -  Photo  325,  Forward  torpedo  room.  Athwartships  on  port  frame  3.1  ? 
6' 11  above  deck.  Directed  to  starboard. 

A.  (3)  less  than  50g.  B.  more  than  2500g, 

Reed  Gages 

R*1  -  Similar  to  Photo  347a.  Forward  torpedo  room.  Athwartships  on 
port  frame  30,  24?*  above  deck.  Directed  to  starboard. 


Graph 

20 

cps 

40 

cps 

Up, 

Dn. 

Up. 

Dn. 

A, 

Fig, 

115 

olO 

.25 

.06 

.10 

B, 

Fig, 

116 

.07 

.06 

.085 

.  075 

COMMENTS 

Able  Rapge  1449  ft.  Bearing  211° 

DSM  reports  a  few  evidences  of  shock  including  6  broken  light 
bulbs  in  the  after  torpedo  room  and  distorted  torpedo  cradles.  The 
gages  were  not  well  placed  for  recording  the  maxi  mum.  shock  since  they 
were  slightly  below  the  waterline  at  the  por‘  bow..  The  ;r--nd  gage  record 
indicates  a  peak  response  at.  350  cps. 

Baker  Range  1875  It.  Staring  325° 

The  submarine  was  on  the  surface  for  this  '.esL  DSM  reports 
shock  damage  to  batteries,  hard -.rubber  bakery  ventilation  due;.s?  the 
master  gyro,  and  auxiliary,  gyro  compass.  The  shock  damage  was  con¬ 
fined  to  these  few  items.  The  gages  recorded  the  maximum  shock,  in. 
the  submarine  because  of  their  position  on  the  hull  at  a  point  closest  to 
the  bomb.  They  show  far  heavier  shock  than  any  other  URL  gages  be¬ 
cause  the  other  gages  at  this  range  or  closer  were  shielded..  While 
the  peak,  acceleration  was  over  2500g.  the  time  duration  was  very  short. 
The  reed  gage  indicates  a  duration  of  less  than  half  a.  millisecond. 

This  short  duration,  also  indicated,  by  the  small  size  of  al.l  the  putty 
gage  indentations,  in  addition  i.o  the  relatively  shock  pi  oof  construction 
of  a  submarine,  apparently  accounts  for  the  small  shock  damage. 
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FIG.  117 


A— 2609 


SS308  4PAG0N 


Putty  Gages 

Gl  -  Photo  326  Forward  vorpedo  room,  Aihwartships  on.  port  frame  29, 
23^  above  deck  Qti  flange  of  shell  stiffener.  Directed  to  starboard, 

A,  (3)  20ng„  B,  ■ — 

G2  -  Photo  327.  Upper  port  control  cubicle  brace,,  at  approximate  frame 
100,5,  Vertical,  In  maneuvering  room.  Directed  down, 

A,  (2)  less  than  50g.  B,  — 

G3  -  Photo  327,  Upper  port  forward  brace  of  control  cubicle,  A^pproxi- 
mate  frame  100,5,  Aihwartships,  Maneuvering  room,  Directed  to  star¬ 
board, 

A,  (2)  lOOg,  B,  — 

G4  -  Photo  328,  Main  generator  number  4,  Vertical  on  flange  of  in¬ 
board  aft  brace  of  generator  foundation.  Approximate  frame  98,  Aft 
engine  room.  Dire  ted  up, 

A.  (3'  less  than  20g,  B-  — 

G5  -  Photo  328,  Number  4.  main  genera  ■or,  A  chwariships  on  web  of 
inboard  aft  brace  of  genera -or  foundation,  Approxi  rru  j-  ffuirr  98.  Aft 
engine  room.  Direct  lo  starboard, 

A  (3'  1-ss  than  20g,  B-  -  -- 

G6  -  Photo  329.  Control  room.  Vertical  on  web  o.f  heavy  vertical 
stiffening  beam  on  aft  side  o.f  bulkhead  47-  1/3 ?  5  L,  from  der> ,  .Beam 
is  just  vo  starboard  of  ladder.  Directed  down, 

A,  (3N  less  Cian  50g,  B, 

G7,-  Photo  330-  Control  room,  Athwartships  on  web  of  vertical  stiff¬ 
ening  beam  on  a.f;  side  of.  bulkhead  47-1/3,  5  ft,  from  deck.  Beam  is 
just  to  port  of  ladder.  Directed  to  starboard, 

A,  (3)  40g.  B,  — 
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SS308  -  APAGON 


Putty  Gage  n 

G8  -  Photo  331.  Conning  :ower.  Forward  and  aft  on  pad  eye  on  upper 
part  shell  at  approximate  frame  52,  6  ft,  above  deck.  Directed  forward. 

A.  (3)  less  than  50g.  B.  — 

G9  -  Conning  tower.  Vertical  on  pad  eye  on  upper  port  shell  at  approxi¬ 
mate  frame  52, 

A.  Not  installed.  B.  --- 

G10  -  Photo  332,  Aft  torpedo  room.  Vertical  on  deck  ov^r  beam  at  irame 
1 .19,  vr'  from  starboard  .frame  of  shell.  Directed  up. 

A.  (3)  less  than  50g,  B. 

Gil  -  Photo  333,  Afl  torpedo  room.  Athwartshlps  on  por  t  trains  117, 

2(4  above  deck,  Directed  to  starboard. 

A  ('3'  less  chan  50g,  B.  — « 

G12  -  Pho*^  334,  Forward  torpedo  room.  Vertical  on  inboard  sound 
grir  ora  Vr*  Fran>  34.5.  18*'  above  deck,  30”  port  of  center  line  of 
ship  D;re  tea  up. 


G13  -  Phc.r-  33:  :,csiat-  sho  k  mounted  control  cubicle.  Vertical  on 
beam  a  upper  a  or  ‘-age  >f  -ubicle  a*  approximate  frame  10,3,  Inside 
•f  •  oniroi  ubJ  1-  Dir-’  'ea  down, 

A.  IV  90g.  B.  --- 

Feed  Gages 

RJ  I  -  Photo  326,  Forward  torpedo  room.  Athwartshlps  on  shell  port 
frame  30,  24  '  above  de^k.  Directed  to  starboard. 

Graph  20  ?ps  40  cps 

Up.  Dn,  Up.  Dn. 

A.  (3)  Readings  all  zero. 

B.  Not  recovered. 
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SS308  -  APAGON 


COMMENTS 

Able  Range  3093  ft.  Bearing  201° 

The  gage  readings  are  approximately  what  should  be  expected 
at  this  range.  However,  the  pattern  of  the  readings  is  not  consistent 
with  what  one  might  predict.  In  particular,  G1  was  apparently  well 
shielded  but  gave  the  highest  reading,  which,  however,  was  not  con¬ 
firmed  by  the  adjacent  reed  gage,  G13  on  the  shock  mounted  con¬ 
trol  cubicle  was  not  expected  to  show  any  shock. 

Baker  Range  2600  ft.  Bearing  305° 

This  submarine  was  submerged  for  this  test  and  was  sunk. 
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SS  335  DENTUDA 
GAGE  LOCATIONS 


FIG.  118 


09 


SS335  -  DENTUDA 


Putty  Gages 

G1  -  Photo  336.  Forward  torpedo  room.  Athwartships  on  port  frame  31, 
32*"  above  deck.  Directed  to  starboard. 


A,  (3)  less  than  50g,  3,  less  than  50g„ 

G2  -  Photo  337,  Control  cubicle.  Vertical  on  aft  port  top  brace  of  con¬ 
trol  cubicle.  Approximate  frame  104,  Directed  down. 


A.  (2)  less  than  50g, 


B,  lOOg, 


G3  -  Photo  337,  Control  cubicle.  Athwartships  on  aft  port  top  support 
of  control  cubicle  at  approximate  frame  104,  Directed  io  starboard. 


A,  (2)  less  than  50g. 


B.  150g. 


G4  -  Photo  338,  Aft  engine  room,  Vertica*  on  inboard  side  of  Number  3 
main  generator  base  at  approximate  frame  97.  Directed  up. 

A.  (3)  less  than  20g.  B.  80g. 


G5  -  Photo  339.  Aft  engine  room.  Athwartships  on  inboard  aft  corner 
of  No.  4  main  generator  base.  Approximate  frame  97„5.  Directed,  to 
starboard. 


A,  (3)  less  than  20g,  B,  80g. 

G6  -  Photo  340,  Control  room..  Vertical  on  web  of  vertical  stiffening 
beam  of  bulkhead  47,5.  Second  beam  inboard  from  port  shell.  Direct- 
ed  down. 


A.  (3)  less  than  50g,  B.  40g, 

G7  -  Photo  3a0,  Control  room,  Athwartships  on  web  of  vertical  stiff¬ 
ening  beam  of  bulkhead  47,5.  Second  beam  inboard  from  port  shell. 
Directed  to  starboard, 

A,  (3)  12 5g,  B.  llOg. 

G8  -  Photo  341.  Conning  tower.  Vertical  on  SJ  radar- training  hand 
wheel  bracket.  Upper  starboard  shell  of  conning  tower.  About  4  ft. 
farward  of  aft  bulkhead.  Directed  down, 

A.  (2)  less  than  50g.  '  B.  200g. 
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Putty  Gages 

G9  -  Photo  341.  Conning  tower.  Forward  and  aft  on  SJ  radar-training 
hand  wheel  bracket.  Upper  starboard  shell  of  conning  tower. 

A,  (3)  less  than  20g,  B.  250g. 

G10  -  Photo  342.  Aft  torpedo  room.  Athwartrhips  on  starboard  i 
frame  118,  8”  above  deck.  Directed  to  port. 

A.  (3)  less  than  50g.  B.  250g. 

Gil  -  Photo  343.  Aft  torpedo  room.  Vertical  on  deck  at  frame  119, 
about  10"  from  starboard  frame  of  shell.  Directed  up. 

A.  (3)  less  than  50g.  B.  less  than  50g. 

Gil  -  Photo  344.  Forward  torpedo  room.  Vertical  on  deck  at  frame 
34.  Directed  up. 

A.  (3)  less  than  50g,  B.  60g. 

G13  -  Photo  345.  Inside  shock  mounted  control  cubicle.  Vertical  on 
underside  of  beam  at  port  top  edge  of  cubicle.  Approximate  frame  102. 
On  first  overhead  beam  port  of  port  edge  of  cubicle.  Two  inches  inside 
cubicle.  Directed  down. 

A.  (3)  less  than  20g,  B.  less  than  20g. 

Reed  Gages 

RS1  -  Similar  to  photo  347a.  After  torpedo  room.  Athwartships  on 
starboard  frame  118,  18**  above  deck.  Directed  to  port 

A.  (3)  Readings  all  zero. 

B.  Not  installed, 

Rs2  -  No  photo.  Forward  torpedo  room.  Athwartships  on  part  frame  30 
24,p  above  deck. 


Graph  20  cps 

U  Dn. 

A.  Not  installed 

B.  Fig.  119  .125  .155 


40  cps 

Up. 

Dn. 

.10 

.06 
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COMMENTS 


Able  Range  5844  ft.  Bearing  101° 

The  only  gage  recording  was  G7.  Because  of  its  position  and 
the  failure  of  the  other  gages  to  indicate  any  shockP  the  dependability  of 
this  reading  seems  doubtful. 

Baker  Range  4525  ft.  Bearing  31® 

This  submarine  was  submerged  to  about  80  ft,  keel  depth.  oM 
report  only  the  opening  of  a  hull  flapper  valve  as  being  probably  due  to 
shock. 


The  highest  putty  gage  readings  are  on  gages  on  the  hull  frame. 
These  gages  are  G2,  G3,  G8,  G9P  and  G10.  G1  on  the  portside  hull  was 
shielded  arid  showed  no  shock.  G13  on  the  shock  mounted  control  cubi¬ 
cle  did  not  record  a  shock  while  other  internal  positions  indicated  about 
half  the  peak  acceleration  of  the  shell  gages.  The  R'l  readings  are  too 
small  to  indicate  a  critical  frequency  with  any  accuracy  although  a  criti¬ 
cal  frequency  of  210  ops  is  possible.  R*1  was  adjacent  to  G1  and  was 
shielded  from  the  direct  shock. 


■; 
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SS38'1  -  PAR  CHE 


Putty  Gages 

G1  -  Photo  346  Forward  torpedo  room.,  Alhwartships  on  port  frame 
30,  3  ft.  above  deck..  Directed  to  starboard. 

S 

A.  (3)  less  than  50g,  B.  200g. 

Feed  Gages 

R'l  -  Similar  to  Photo  347a.  forward  torpedo  room.  Athwartships 
on  port  frame  28,  2:”  above  deck.  Directed  to  starboard. 


C-raph  20  cps  40  cps 


Up.  Dn. 

Up.  Dn 

A,  (3)  Readings  all  zero. 

B,  Fig,  121  .02  '  ,02 

,04  ,025 

COMMENTS 

Able  Range 

Bearing  270° 

The  gages  indicated  no  shock. 

Baker  Range  4850  ft. 

Bearing  212 * 

This  submarine  was  on  the  surface  and  received  no  shock 
damage,  according  to  DSM,  The  peak  acceleration  indicated  by  the 
putty  gage  is  200g,  The  reed  gage  indicates  a  duration  of  accelera¬ 
tion  of  less  than  a  millisecond*  The  duration  apparently  was  too 
short  for  the  putty  gage  to  record  the  full  peak  acceleration. 


68 


TOP  SECRET 


I 

SS386  -  PILOTFISH 
Putty  Gages 

G1  -  Photo  347.  Forward  torpedo  room.  Athwartshlps  on  port  frame 
31r  S*5  above  deck.  Directed  to  starboard. 

A.  (3)  less  than  50g,  B.  »— 


Hoed  Gages 


-  Photo  34.7a,  Forward  torpedo  room.  Athwartships  on  port  frame 
30P  24”  above  deck.  Directed  to  starboard. 


Graph  20  cps 

Up.  Dn. 

A.  (3)  Headings  all  zero, 

B,  Not  recovered. 

COMMENTS 

Able  Range  6582  ft. 

The  gages  indicated  no  shock. 

Baker  Range  950  ft. 


40  cps 
Up.  Dn, 


Bearing  76* 


Bearing  186* 

l 


This  submarine  was  submerged  to  a  keel  depth  of  about  56  fL 
and  was  sunk. 
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COMMENTS  ON  SUBMARINES 
Able 


< 


Shock  was  indicated  only  on  the  SSS05  and  the  £8308.  These  few 
readings  do  not  show  any  apparentpattern.  The  minor  shock  damage 
of  the  SS30B  probably  reflects  the  relatively  sturdy  constructlm  of  sub¬ 
marines. 

Baker 

The  surviving  submerged  submarines  SSI  96  and  SS335  were  at 
about  440G  ft.  range.  The  SS196  reed  gage  showed  a  critical  frequency 
of  about  350  cps;  the  SS3S5  gage  is  not  so  definite  but  seems  to  indicate 
a  frequency  of  about  210  cps.  The  putty  gages  read  200  and  less  than 
50g,  respectively.  The  SS335  reed  gage  and  its  adjacent  putty  gags  were 
on  the  side  away  from  the  explosion.  The  highest,  SS3  3  5  putty  gage  read¬ 
ing  was  250g.  The  other  submerged  submarine,  the  SS203  at  5625  feet, 
had  a  250g.  putty  gage  reading  and  a  reed  gage  critical  frequency  of 
210  cps.  and  possibly  another  at  50Qcps. 

The  SS384  on  the  surface  at  3850  ft.  received  about  the  same 
peak  acceleration  as  the  submerged  submarines  at  the  same  range  but 
the  critical  frequency  was  over  1000  cps.  Thus  it  appears  that  the  sur¬ 
faced  submarine  experienced  approximately  the  same  peak  pressure  as 
those  submerged  at  the  same  range  but  the  duration  was  much  less. 

In  the  case  where  the  acceleration  is  of  short  duration  It  is  pre¬ 
ferable  to  plot  velocity  vs.  fn  rather  than  acceleration.  The  velocity 
plotted  is  the  instantaneous  velocity  change  required  to  produce  the  re^ft 
deflections  measured  and  is  calculated  by  the  formula  V-  4?^  *  * 

where  V  is  in.  feet  per  second  and  X  is  the  reed  deflection  in  inches. 

This  has,  been  done  and  the  results  plotted  on  figure  123  show  that  the 
shock  was  not  of  the  nature  of  a  simple  instantaneous  velocity  change. 
The  points  plotted  represent  the  ‘'  down**  reed  deflection  which  is  the 
direction  first  taken  by  these  reeds  as  the  hull  is  pushed  in  by  the  pres¬ 
sure  wave. 

A  plot  of  reed  deflection  vs.  natural  frequency  is  shown  in  figure 
124.  The  equivalent  simple  shock  for  the  SS305  seems  to  be  an  instant¬ 
aneously  completed  displacement  of  about  .07  inches;  the  SS334  equiva¬ 
lent  shock  is  an  instantaneous  displacement  of  .015  inches.  Both  of 
these  submarines  were  on  the  surface.  The  submerged  submarines  do 
not  have  quite  as  simple  an  equivalent  shock  since  the  amplitude  falls 
with  increasing  frequency  though  not  fast  enough  for  a  sudden  velocity. 

TOP  SECRET 


70 


I  hmmihicmmihi  jMHwiiiiliWWi 
I •■■■■■*■■■■■■*■■■■■■■■■■■■■■■■ **■■■•■■■• 

■  ■■•■■•■■■a  ■■■■;■■■■!'■■■■■■■■*■  ■■■■■■■•■■ 

mmtmmmmamrnammmi  ■  ■■■■  »•■■■■■■■■  a*a>*MUwHk 

. . 


*■■■■1 

■€■■■ 


_  .!■■■  ■■■■■■■**>■  '«■■**•■*■•■■*■*■«■■■■■*■•■■■  ■  ■■  >•■■■■■  >■■■■■■■ 
■■■■■•■•■«■»■•■■■■••■••«■■■■■■■■■■■■■■■■■>■■■••■■■>  ■  *%■*-  ■■■*■•■ 
■  viiRti  ■■■■■■■■*•■■■•■■■■■■  ■■■■■■■■■■■■■■•■■■*•  mi «  ■■Mai  ■■■•■■■ 
- —••mu.  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  ■  ■■•■■*! 


■  ■  I 


•  I 


■ ■■■■■■■•■■■■■■>•■■•■  . . . 

I •«■■■*■■*•■■■■■■■■■•  m«nit*i  ■■■■*■■■■•  WW—M— — H 

I  ■*«■■■*■■■  •■•iBlMiMiiai  ik  ■■•■■■■■■■■■■■•■■■«■■■■ 

!■*»■*■■■■■%***■■■*■■■*■*■»*■■*■■■*■■*•■■■  ■■*■■■■**«■■■■■■*■■■■«■*••*■*■  iHiiuni ni»n*>»mi«fi«i««<«mi«iii  ihihimi  ■  ■■■» .  ■  ■■■ 

. . .  Maiai.  aaiapaai  I 

I  ■■■■■■■■■«■■■■■■■■■•■*■■•■■■■■■■■■■■■■■« . . . .  n»aaaaaai ■*■■■■*■»■■■■■■■■*■■■*■■■■*•■» aaaam  ■■aia  i«i«aaa*J 

■  ■■■■■*■■■■■■■■■■■■■■■■■■■■■■■*  auaiMaia  laaiiMaaaaaaaaiaauaaiaa  aaar  «■■■■■■■■*■  •■■*■■**■■■*■■■ a*  •*■■■■■■  •■■■■•••■Miuu|l||MaMa|Mi|M||i 

■  . . . .  . . .  «■■■*»■ *•■■•■• «•■«■•■• 


. . .  iaptM<(* 

a^Hja  ■■•■•■.  .*■■■■*■•■■■■' 
aMna«aM»iiiiai  !■■■■■' 


, _ _ >u>n  Ml  -  — - - - - - - _ — —  - 

1  iiiiiiiiiii  i  I  iaaaaai  -•iliiaaaSlaaaaaBBaaa  tfHaaaaaaaaaaaiaaai  . .  '  •■•■■■UMMMiMMMH 

I  •■■■■■■■  ■■  ■■•aaiRiaiaMMan  #6»«r ■■■«■■■*■■■■■■»■■■■■■■■■■■■■*«  *■■■»  naaia 

■*■■■■■■>  -«I  ,  .ai.Mln  ■■■*■■■■■■■■>*■•■■* •  *•*•  ■  **■ ■  ■■■•••■■■•  ■  ■  ■  *•>!>  ■■■■■ 


I  IflaM 

I •■■■■•! 

I  ■■■■•■  at 
I  ■••■■■ 

■  ■llalir 

liaatvaa^ii 
liaiaair^ 


. . .  «•  ■aaaHaaaaaaiiaanaiMaaaaaaaiaaa 


gaMaaSl 

_  _ _ _ MIMjK. _ - _ _  ... 

aMMii  -  -  ■  »•  ■  a  iai  a«aHiaaaanaaaa«aaa aai 

aaailaaaaiR'  aa..aaf  .  _ . . ■  ■■*»■■! 

•  ■■■•■•••a a.  mijaii.  a*a>aa>iaaaaa«iaa*  a*. 


.  - - ... - ■  ■■aaai.^aBaaBBBaa' *■■■*■■■■■•••■•■■■■•■■ - 

>a  '■■**■■■■■■•■**■*■■■■•*■■■  aaaia ■  ■«■••’  .■••aaMiaanaia.  aaaaaail 
ia»  »■■■■**■■■»•*»***•»*  mmamammm*.  ■*■■■*;*■*■■  ■■*■■■*•  ■  ■■■-  aaiiaiil 

.  ..  iai,  iliiifiiaaaiaiiaaai ■!■■■■■■■»*■'  . . . 

_  _  aaaaat i«aKi aaaiiaaiaaaaaai •■*■■*■■■■•  -■■*■■**• ■  ■*■•■■>  ■*■■•■■•■■■• I 

■  aiaaaaaaamMiaaaiiaiui*aR«a*iHata«M**iaaHaaip  aaiaiaiaaa  ■■■■■■■«■■ ■■■■•■■■■■] 

— - - - - a  Xraa ■aiiMiaaaaaaai  ■■*■■■«- ^aaa^aaiaaa  ■■■■■■■  ■■■■a  a . I 

- >aaaaaaaaaaaiaaaiaaaair  ,aaaaaB* '*■■*■■■■■■■■■«■*■!  ■■■■■■■■! 

-  . . .  aaataaaiai'aaaaaaaaiamaa  aaaaiaail 

.'••aMtMa»l»a**«i'  -mmmmmammmarn a  •  ■*■  aaaaaai  aiauigaaiaai  ■ 
■  ••■■**■■  •■■•■■•'“•a  laaiiiviaa  w  *■*■■■■■■  ■ 


aa.aaMiuxiiaai.^aaaaaiaaaiaiaaiaaaaaaaaMuaaaiaaiMaai  'aiaiaaaaanaaa 

. . . . . . . 

>aaa  aaaaaaiiaa  ■■■«■■■•■■  aaaaaaiaai  iiaaaaaaaaaaaaaaaaajiijM^aaMaaaa^^H 


aaaniMaaaiaiaaaaaa  aaaaaaai 


!■■■*  aaaaaai 


aaaaaai jaaaaaaaaa ■  ■■■■■■.*■ ■■■■■■■•■«•■■■■■■*■• | 
aaaaaaa  <aaii«iaaiaauiar  jaa  aaaiaaa  iaa  laaumSal 
■aaaaaai  **■■■■*■**■■■■  ai.*** ■■■■■■•'  ■(*■■*■*■■*•■ 
aaaaaaa  a  laniaiaimaii  aaaaiiaia'  ■■■■■■■■■■  | 

- - - ilaaaaai  aaaa  aaaaaaaaa  gaaai - 

iVaaaaaa - - - 


■  ■■■>  a.  aaaaaBaa  aaaaaaa  a  aa  aaaaaaaaaaaaaaaaaaaa  ■■«**■■*■■■■■■«■■■*»  ■■■iaiann*«a**«aaaiai 

■  **■■ •  ■■■■••■• ■••■•lain ■■■aaaaaaa ■■■■•*■■■< aaaaaaaEaa ■■■■■*■■*••■■«■ aaa naaaaa aaaaaaa  'aaaaiaVaiaaa ■■■■■■■■»■*■■  aaaaaiaiaaal 

iJiai..  ■aiuiaaaaaHiaaaa  aaaaaaaaaaaaaaaaaaaa . . . .  aaaaaaa  aaa*’  ■■a«iaaifiaa^MM||^M| 

-  '  iai-  ■■■«■■■(■■*■■•■«■■  ■■■•■■■■■■■■■■■■■■■■■■■*■■■■■■■■■■■**■■*  ■■■aaaaaaaaaaaaaaaaaaaa  > , ■  MM||aM|M||Ma|M 

*****  ■■■••  ■■  ,  *  IHRRaRRaaRABMRRaMaBRMMRMMIaMRaAjaRMMUIlMRaaRaaaMMRaRiMRaiaa 


■aaaaaa ■■■*■■■■■ 


■■■■■■■■■■■■■  ■■■•■■■■■■■■ 

■■■■■■■■■■■a* ■■■■■* a *■■■•■■* _ 

■  •<  ■  ■■■■■■■*■•  ■«■•)■«■***  ■■■*■•»■■» 

MMaaaaAaaaaMMaaaaaaaaaaaiaaAi 1  ■■■■■■*■■•  *■■■■■■ ■■•■■■■!  a ■■■* aar aaaaaai  ■■■■*■*■■;  ■■■■■■■■■■! 

.  . .  '■■■■■■  . . ii  aaa  aaaaaaa***  | 

, _ _ . _ _ aaaaaaaaaaaaaaaaaaaa  . . .  ■■■■■■■■■■  «■■■■■■■■■  ■ 

M^^BHivT|aVJir^XiiIlUMiiIliii?«ianiiiIiiMHni|itiiiiiiiiiiiIiimniaaaa*ln*aa*i«aaMaai«ima  •■■■iiaaaaaaaa  ■■■■■•■■■■■■■■■■■■■•  I 

■  aaaaaaa  a  aaaaaaa  ■■■■•■*■■■■*■**  •■■■•**•■«•■■■■■■•■«  aaaaaaaaaaaaaaaaaaaa  »*■■■*■■■■  ■■■■■■**.■■  ■  *.-■■*■■■•■■■■■■»  laamaaiiNi  ■  ■■■■-.  *■■■>  aaaaaaaaal 

■  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaaaaaaaaaaaaa  ■■*■■■■■■■  ■■■aaaaaaa  ■■■■■■■*■■ aaaaaaaaga  HiiainiiiHiMlllliaiMMIIMIIIllMMIIIMMIIIMaill 

I  . . 


I  ••■■■•« 

■  ■iiinil 

!■■■■■•*« 

•  ■•aaiaaH 

■  •■aaaaaaa*  j, 
|M»«Maaa^«l 


iiiMiiMfiiMiiiaiiiiiiin  ■■■■■■■■*■•■■ 

>***■■•  #■■■■■■■■■■•■*■■■■*»  kiHaa«iaiaiaMIMMIIMIMIIMM 
■■■■■■■■■••■•■■I ••■■■■•■•! ■•■•■■•■■•aaaaaiaaai ■*■ aaaaaaa ■■*■•■■■■< 

MAMMMMBfaaaaaaa  iaaaa ■■■■•  ■■■■■■■aMMaMMaMMaMMUd 
■■■••■•■■■■■fiaaaaaiBBawaJ 
Laaaaaaa  ■■■■■  ■  a ■  aMaaaaaaJ 


{■aaa  *•*«■•**■■«•■*• 
•■*■•■■■■■*■■■* 
*•■1 ••*■■■■■■!■■■■■ 


- - - !*■■*■■ _ _ _ 

i «■■■■ ■aaaaaaa  ia ■■■■« ■■*■■■■■■■ 


■■■■!■■••■■  ■a  ■■*■■*■■■!■■■■■  *■■■■  itanaaniiaiaaiBaai  ■■■■■■■•■■  *■■■■■■■■•■*»■■■■■■■■■''■■■■■■•  ■ 
■■■laiaMaaauaaaaaaMlaaaamniikataiMiiiiaaaaa  '■■■•■■■■aa'iaai  ■■■■■■■■■  ■■^■■■■■■■■akaaaaaaal 
■■■■■■■■■■■■^■■■■■■■■■■Baa  aaaaaa  ■■■■■■■■■■  ■■■■■*■  ■■»■■■•■■»*■■■  »*■*■■■«■■  «■■■■■■■■■■■■■■■■■■ 


■■■■■■■HaiaiMiiiiiiiiii^iiiiiiiuHMaaaaaaMiuiMMmMMMBi 

■  aaa«a  *••■•■*■■■«■■■•■■■■«  ■■*■■■■•■■■■■■■■■■■«  ■■■■■■■•■■■uaa«iai* ■*■■■  ■auiiaai 
(•■■■a  •■«■  ■■■■■■  ■■■■(■■■■■■*■■■■■■■■  ■■•■■■■«*•  uuwnaMn«Miuuaua ■■*■■■■■! 
kua*iaaaaaiiiM(aaHiaiii  a* ■■*■■■■■  ■■■■a«aaa« iliuiatii ■■■■■■■■Ba ■*■•■*■■■■■■■! 
BBBMMa*ap  ■■■■■  ■■■■•■■■■•  ■#**■**■■■■■*■■■»*■•  ■*■■■■■■■>*■■■■■■■■! 


- - - - .a ■■■■*■■■«■■■  ■■■*■*■■■■■» ■■■■■■■•■* ■■■■■■■■■■■■■■■■■■_ 

■  ■■■■■kaaaaa ■■■■*■■■■■■■!  aaaaaaa r *■■■■■  !■■■■■■■  ■•  .■■■■■■■■■■■-'■«■■■■  ■ 

- - - “ — >■■■■«-•  •■■*•',■■■■■■!  ■■■■■■■  r  •■■■■■■■■■■■•■■■■■■! 

■■!**>•  ■»*■*.•■■■■■•■  <■•■■««»  iaaiaa«iMaa»jaaaail 

■  ■•■*■'•  ■■■•••*■■•■■■  i  ■■■■■■■•■■■■■■■■  a* it  - -■ 


!■■■■■■■■■■  ■■■■■■•■•■■••■■■■■■■■■■•■uaat  ■■(«■ 


•IIUlHHNMlK  ■  I  ■*■■■«•  ■■■■■^■■■■■| 


I  *■•■*■•■*•  . .  ■■■*■■■■■■■■■■•■«■■•■■■■■■■■■■■*■■■«■■■•  ■*■■■■■■■■■■■■■*■■■•  •■■■■■■••■  Bps  1PPB.**|*I  I 

■  ■■■■■■■■■•■■■■■■■*■■  ■■■■■■■■■■■■■■■■■•■•■■■*■■■■■■■■■■■■■•■■  ■■■*■■■■■■■■■■■■■■■•■■■■■■■*■■■■■■■■■■■•  ■■■UpaaaiHidktiaai  aaa  'a  !■*■■■■  iai  ■*■■•■ 
■ •■■■■■■■■■■■■■■■■■■■«■■■•■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■*■■• ■•■•■■■■■■■■■■■*■■■*■■■■■■■■■■■■■■■■■■•*■■■«■•■■■■■*■■* ’■■■■ aaaa^k ■■■■■■  ■•«■■«■ I 


■  •■«■■■■■■■•■■■■ 

■  ***■•■*•■■■■*•*■■*••■■■■•■*■■■  •■■■**■■■■ 

■  ■i<iiiiii(i»ia*fiaaaMMa(iiM«aii«ia*MM*aaifMif*ii«*i«iiiai(*aaiiaiaiaiaa«aii  . . . . . . an  niaaaia* 

■  «■■«* **■■•■■■■■■■*■■  . . . . .  . . . 

l«auaaaaaiiaaaaaH|i  ■■■■■■■•■■■■■■■■■■■•  ■■■■■■■■■■■■«■■■■*■«  aaaaaaaaaaaaaaaaaaaa  aaaaaaaaniaiaiaaaaiaaauiaaatiaaaaaBaai  u*anai  saaaa  miaai  ■ 

■  ■■■■■■*■■■■■■■■■■■«■■■■■■■■■«■■■■■■■■■■  ■■■■■•■■■■■MBiiaiai  . . .  ■■»  ’■■■■.  * 

■  ■■■a ■■■■■■■■■■■  ■■all ■■■■■■■■«■  ■■■■■■■■■■  •*■■■■■■■■■■■■■■■•■■■■■■■■■■■■■•**■■■■■■■■*»■■■■■■*•«*■■■■■»■■*■■■»**■■■■■■■■•■* •■■■>.”•■■■.  - 

«)■■*■ . . . . . . . .  i 

HHiai  ■■■■■■■■■■*■■■■■■■■■■■■■■•■■■■■■■•■■■■■•■■■■■■■■■■■■■■■■■■■■  ittMivaaBi^a^^^HnM^a^aBMH^H^^H^MH^a^al 


• «aaaa. ■■ Jiaai 


w  *■ 

>e 


fig. ies 


300  400  500  600  700  800 


APA64  .  BRACKEN 


Putty  Gages 

Gl  -  Similar.  to  Photo  351.  Dry  provisions.  Directed  to  starboard  on 
vertical  stiffening  frame  58  on  part  shell  56”  below  main  deck. 

A.  (1)  70g.  B.  less  than  50g. 

G2  -  Similar 'to  Photo  353.  Ammunition  stowage.  Directed  to  star- 
board  an  vertical  stiffening  frame  58,  45”  below  2nd  platform. 

A.  (»)  less  than  50g.  B.  less  than  50g. 

Gl  -  Photo  348.  Alt  machinery  Space.  Directed  up  on  part  side  of 
main  motor  foundation. 

A.  (3)  less  than  20g.  B.  less  than  20g. 

G8  -  Photo  348.  Aft  machinery  space.  Directed  to  starboard  on  part 
side  af  main  motor  foundation. 

A.  (3)  less  than  20g.  •  B.  .less  than  20g. 

G7  ^  Similar  to  Photo  356.  Aft  machinery  space.  Directed  up  an  star¬ 
board  end  of  main  switchboard  foundation. 

A.  (3)  less  than  20g.  B.  less  than  20g„ 

Velocity  Meters 

V*l-  Photo  349.  In  forward  hold  on  foundation  of  forward  Bureau  of 
Ships  turbo-generator. 

A  ^3}  Record  not  distinguishable.  B.  Fig."  126,  Channel  1. 

V*2  »  Photo  349.  In  forward  hold  on  foundation  of  forward  Bureau  of 
Ships  turbo-generator. 

A.  (3)  Record  not  distinguishable.  B.  Record  not  distinguishable. 
V^3  -  Photo  35C.  In  forward  hold  on  foundation  of  BuShips  switchboard. 

A.  (3)  Record  not  distinguishable.  B.  Fig.  126,  Channel  3.  *' 
V*4  -  Photo  351.  In  forward  hold  on  foundation  of  BuShips  switchboard. 

A.  (3)  Record  not  distinguishable.  B.  Fib.  126,  Channel  4. 
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Velocity  Meters 

V^  -  Photo  348.  In  aft  engine  room  on  foundation  port  main  motor, 

A.  (3)  Record  not  distinguishable.  B.  Record  not  distinguishable. 

-  Photo  348.  In  aft  engine  room  on  foundation  of  port  main  motor. 

A.(3)  Record  not  distinguishable.  B.  Record  not  distinguishable, 

COMMENTS 

Able  Range  6480  ft.  Bearing  191* 

No  velocity  meter  records  were  discernable  above  the  “noise” 
background.  The  only  gage  above  the  waterline,  Gl,  recorded  70g  on 
the  port  hull. 

Baker  Range  4475  ft.  Bearing  164* 

The  gage  locations  were  planned  for  direct  exposure  of  the  peart 
side  to  the  pressure  wave  rather  than  the  stash oard  side. 

None  of  the  putty  gages  recorded  any  shock.  The  velocity  meters 
V%  V'3,  and  VM  had  very  light  shock  indications.  The  Taylor  Model 
Basin  velocity  meter  records  for  this  ship  are  supplementary  to  these 
and  allow  a  reasonable  study  of  the  shock.  On  the  T.M.B.  records  V6, 
V8,  ViO,  and  VI 1  alone  show  a  sudden  velocity  change  at  the  start  of 
the  underwater  shock.  These  were  underwater  h  11  or  keel  gages. 

The  port  hull  gages  V5  and  V7  do  not  show  a  sudden  start  which  indi¬ 
cates  that  the  port  hull  was  shielded  from  the  direct  pressure  wave. 

The  V6,  V8,  VIO,  and  Vll  records  do  not  resemble  a  slmfit  instant¬ 
aneous  velocity  change.  The  initial  acceleration  is  followed  (parti¬ 
cularly  in  the  V6?  VIO,  and  Vll  records)  within  a  few  milliseconds  by 
a  deceleration  of  the  same  order  of  magnitude  whose  effect  is  to  stop 
the  motion  after  a  short  travel.  This  is  similar  to  the  equivalent 
shocks  for  the  submarine  reed  gage  records.  These  records  are  al¬ 
so  characterized  by  high  frequency  vibrations  which  are  not  so  notice¬ 
able  in  the  other  records.  It  is  not  surprising  that  high  natural  fre¬ 
quency  modes  are  excited  by  the  short  duration,  rapidly  fluctuating 
pressure.  It  is  probably  important  to  note  the  tendency  for  the  sud¬ 
den  changes  to  be  eliminated  as  the  shock  passes  through  the  ship's 
structure.  At  interior  locations,  the  shock  is  characterized  by  lower 
frequency  vibrations  and  lower  accelerations  of  longer  duration. 

The  Taylor  Model  Basin,  V6,  V8,  VIO,  and  Vll  records  illus¬ 
trate  the  loss  of  pressure  by  a  wave  passing  parallel  to  the  keel 
(noted  in  the  destroyer  data)  since  the  APA64  keel  was  directed  16* 
from  the  explosion.  The  initial  changes  in  velocity  reported  by 
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Taylor  Model  Basin  are  V6  -  .80ft/ sec.,  V8  -  .48ft/s'ec.,  V10- 1.75ft/ sec., 
and  Yll  -  .86  ft/ sec.  From  consideration  of  the  location  alone,  the 
theory  requires  that  Vll  exceed  V8,  and  V10  exceed  V6,  which  Is  the 
case.  Also  the  starboard  hull  gage  V0  reading  should  and  does  exceed 
the  keel  gage  V8  reading  which  In  turn  exceeds  the  port  hull  gage  read¬ 
ing  of  .12ft/ 3ec,  While  difference  In  structure  may  well  account  for 
the  pattern  of  these  readings,  they  at  least  do  not  refute  the  theory  out¬ 
lined  In  the  discussion  of  the  destroyer  readings. 

The  Taylor  Model  Basin  airblast  records  are  also  Interesting. 

The  locations  showing  the  greatest  excitation  are  of  course  those  ex¬ 
posed  to  the  direct  air  pressure.  Tire  relative  absence  of  high  frequen¬ 
cy  components  and  the  similarity  to  the  air  blast  records  of  the  DD4Q4 
and  DD408  is.  noteworthy. 
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PA  65  BRISCOE 
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APA86  -  BRISCOE 
Putty  Gages 

Q1  -  Phots  352.  Dry  provisions.  Directed  te  starboard  on  port  toil 
vertical  stiffener  about  3  It  above  deck  and  69**  below  Mala  deck  bin* 

A.  (1)  lose  than.  59g.  B.  76g. 

» 

02  ►  Photo  353.  Ammunition,  stowage.  Directed  to  Starboard  aa  port 
shell  frame  62**  below  second  platforms*  tram*  68. 


A.  (3)  less  than.  5Qg. 


B.  74%. 


03  -  Photo  354.  Aft  machinery  space.  Directed  ap  ea  main  port  mo* 
tdr  foundation.  ’ 

A.  (3)  less  than  50g.  B.  260g. 

G4  *  Photo  365.  Aft  machinery  space.  Directed  to  starboard  on  port 
mala  motor  foundation* 

A.  (3)  less  IhamBOg.  B.  20Qf. 

G5  *  81m liar  to  photo  343 :  Aft  machinery  space.  Directed  np  on  mala 
switchboard  foundation.  On  I-beam  at  starboard  end  of  switchboard 
at  switchboard  deck  level. 

A.  (3)  less  than  2Qg,  B*  250g. 

* 

G6  -  Similar  to  photo  348.  Aft  machinery  space.  Directed  up  on.  pert 
side  Of  main  generator  foundation. 

A*  (3)  less  than  50g.  *  B,  lehs  than  60g. 

G7  -  Photo  366.  Aft  machinery  space.  Directed  to  starboard  betwWWH. 
generator  and  turbine  mi  main  generator  foundation, 

A.  (3)  less  than  5Qg.  B.  less  than  &Qg.  . 

Velocity  Meters  *  Fig.  128  and  129. 

V*1  -  Photo  366.  Xn  aft  engine  room.  Directed  to  port  on  foundation 
of  main  turbo-generator. 

'  A.  (3)  Record  not  distinguishable.  3.  Fig.  128,  Channel  1» 

V*2  -  Photo  354,  In  aft  engine  room.  Directed  up  on  foundation  of 
mala  turb&*generatar. 

A.  (8)'  Record  not  distinguishable.  B»  Fig.  188.  Channel/! 

V*3  -  Similar  to  . photo  348.  In  aft  engine  room.  Directed  to  part  on 
foundation  of  port  main  meter. 

A.  (3)  Record  not  distinguishable.  B»  Fig.  128.  Chann«A|* 
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APA86  -  BRISCOE 
Velocity  Meter* 

Y*4  *  Similar  to  photo  848,  In  aft  engine  room.  Directed  up  m 
tian  of  part  main  motor.  v 

A.  (3)  Record  not  distinguishable.  B.  Fig.  128.  Charnel  4* 

V*5  *  Photo  356.  m, aft  engine  room.  Directed  down  of  underside  of 
beam  supporting  starboard  agd  of  main  switchboard. 

A.  (3)  Record  not  distinguishable.  B,  Fig.  129.  Channel  5. 

V*6«  No  photo.  In  aft  engine  room.  Directed  up  m  foundation  of 
auxiliary  generator. 

A.  (3)  Record  not  distinguishable.  B.  Fig.  129.  Channel  6. 
COMMENTS 


the  mini¬ 
mum  settings  of  these  gages. 

Baker  Range  |[725  ft  Bearing  240* 

This  is  one  of  the  few  ships  which  wefe  oriented  as  planned  and 
at  a  fairly  close  range.  It  had  a  large  number  of  gages  so  *hat  consid¬ 
erable  data  is  available. 

Consider  first  the  TMB  port  hull  gages  below  the  waterline,  V6 
and  V12.  The  first  pulse  of  each  consists  of  a  high  acrelerationfol* 
lowed  within  one  or  two  milliseconds  by  a  high  deceleration.  The  init¬ 
ial  velocity  change  ctf  V6  is  5  fi/se’c,  The  Vo  record,  when  integrated 
roughly,  shows  a  displacement  under  this  pulse  of  about  .15  inches. 
The  total  displacement  at  the  time  of  deceleration  is  aboil  .45  inches 
which  rules  out  the  possibility  that  the  meter  bottomed  at  thtoilms* 
The  putty  gage  G2  was  adjacent  to  V6  and  indicated  70Qg.  About  20 
milliseconds  after  the  start  of  the  first  pulse,  another  positive  ac¬ 
celeration  occurs.  Since  the  displacement  is  approximately  .70  inch¬ 
es  at  this  time  and  since  V12  does  not  have  such  a  pulse.,  it  seems 
lively  that  this  was  bottoming  of  the  gage.  The  next  large  velocity 
change  occurs  at  a  displacement  (magnet  relative  to  pickup  coil)  \if  * 
about  1.40  inches.  This  is  a  distance  of  about  2.1  indies  from  the 
previous  large  velocity  change  and  shows  both  to  be  due  to  bottom¬ 
ing,  The  next  change  is  apparently  a  shock  motion  since  it  occurs 


Able  Range  5136  ft.  Bearing  18, 

All  putty  gage  and  velocity  meter  shocks  were  be! 
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1,40  Indies  from  the  last  bottoming.  Thus  the  only  large  velocity 
changes  due  to  the  initial  shock  front  seem  to  be  the  initial  accel«ra» 
tion  and  deceleration.  Following  these,  the  velocity  changes  from 
4 ,5  fi/sec,  to  zero  In  an  interval  of  over  150  milliseconds.  The  first 
Triangular  pulse  of  the  V1.2  record  has  a /duration  of  2  milliseconds 
and  a  peak  value  of  10  fi/sec.  The  displacement  caused  by  this  pulse 
is  therefore  .12  Inch,  A  transient  vibration  at  high  frequency  follows 
this  pulse.  The  similarity  of  the  V12  record  and  the  start  of  the  V6 
record  with  the  V10  and  V6  records  on  the  APA04  shows  reasonable 
correlation. 

TMB  gages  V8  and  V14  were  over  fhe  keel  cm  the  double  bottom. 
These  have  an  initial  velocity  change  of  1.5  and  3  fi/sec.  respectively 
which  occurs  in  a  time  of  one  millisecond  or  less.  Unlike  the  port 
hull  gages,  however,  a  large  deceleration  does  not  follow  and  the  re¬ 
sulting  displacements  are  about  .80  to  1.0  inches  respectively.  Up  to 
at  least  .20  seconds  after  the  first  sharp  change,  the  succeeding  large 
velocity  changes  are  due  to  bottoming.  Later  shocks  will  be  consider¬ 
ed  with  the  other  records. 

All  NRL  velocity  meters  were  in  the  aft  engine  room  on  the 
foundations  of  large  pieces  of  equipment.  V*3  indicated  very  slight 
athwartships  disturbance  of  the  port  main  motor  foundation;  V*1  indi¬ 
cated 'adequate  athwartships  motion  of  main  turbogenerator  to  cause 
several  botiomings  of  the  gage  but  the  excitation  has  l  ow  frequency 
and  low  acceleration  except  at  the  start  of  the  record.  At  the  start, 
a  high  frequency  excitation  occurs  resembling  the  oort  hull  records. 

The  initial  velocity  change  is  1.1  ft/sec.  Of  the  vertical  gages, 

V*!  records  a  sudden  initial  velocity  change  of  2.2  ft/sec.  accom¬ 
plished.  in  an  interval  of  about  5  milliseconds;  on  the  auxiliary 
turbo- ge  .era tor;  V*  5  is -also  similar  in  recording  a  3  ft/ sec,  initial 
velocity  change  of  2  fi/.sec,  in  an  interval,  of  5  milliseconds;  on  the 
auxiliary  turbo- generator;  V*5  is  also  similar  in  recording  a  3  fi/sec. 
initial  velocity  change  in  an  Interval  of  about  8  milliseconds  cm  the 
main  switchboard  foundation.  The  trend  indicated,  is  that  the  heavy  . 
machinery  and  th°  interposition  of  structure  between  the  hull  and 
the  gage  location,  decreases  the  initial  velocity  change  and  increases 
its  duration, 

TMB  gages  V5,  V7,  and  V.13  on  the  starboard  hull  and  V4'  cm 
the  port  hull  above  the  waterline  have  initial  excitations  of  less  than 
1  fi/sec.  and  have  no  simple  characteristics.  V3  and  V9  were  verti¬ 
cal  in  the  superstructure  and  their  records  strongly  resemble  the 
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vertical  keel  gage  records.  V3  has  an  Initial  velocity  change' of  2  ft/sec. 
acquired  In  8  milliseconds,  V9  has  an  Initial  velocity  change  of  6  fysec. 
acquired  in  13  milliseconds. 

The  velocity  meters  indicate  several  other  shocks  besides  the 
Initial  shock  and  that  due  to  airblast.  The  most  obvious  one  occurs  about 
.24  seconds  after  the  Initial  shock,  though  there  are  many  others.  An 
attempt  to  deduce  the  directhpn  from  which  the  shock  d^me  follows. 

Two  shocks  are  considered  which  start  at  approximately  .21  and  .24 
seconds  after  the  start  of  the  first  pulse.  In  the  tabulation,  the  approxi¬ 
mate  velocity  change  associated  with  each  meter  location  is  given  to* 
gethsr  with  the  initial  velocity  change. 
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APA  06  *  BRISCOE  . 


Velocity 

'  Mete 

vs  ; 

Location 

Vertical  an  deck  of  super¬ 
structure  forward. 

>21  see. 
Shock 

4.0 

.  24  se  a 
Block 
2.5 

ft? 

Z.o 

V4 

Horizontal  on  port  hull 
forward  above  W.L. 

0.8 

0.5 

L0 

'  V6  ' 

Horizontal  on  starboard 
hull  forward  above  W.L. 

0.7 

1.0 

1.0 

V6 

Horizontal  on  port  hull 
forward  below  W.L. 

2.0 

2.5 

5.0 

V7 

Horizontal  an  starboard 
hull  forward  below  W.L. 

2.0 

4,0 

1.0 

V8 

Vertical  on  keel  forward 

2.5 

2.0 

1.5 

VB 

Vertical  on  deck  of  super¬ 
structure  forward. 

7.0 

4.0 

0.0 

V12 

Horizontal  on  port  hull 
aft  below  W.L. 

1.5 

2.5 

10.0 

VIS 

Horizontal  of  starboard 
hull  aft  below  W.L. 

2.0 

0.0 

\ 

1,0 

\ 

V14 

Vertical  on  keel  aft 

4.0 

6.0 

3.0 

V*2 

Vertical  on  turbo- gen. 

1.0  - 

1.0  . 

2.2 

V*4 

Vertical  on  port  main  motor 

2.5 

1.0 

1.5 

V*6 

‘  Vertical  on  main  switchboard  2.0 

1.5 

-  3.0 

V*6 

Vertical  on  auxiliary  gen. 

1.0  . 

1.0 

2.0 

With  the  added  fact  that  the  above  velocity  changes  at  .21  and  ,24  sec. 
were  more  abrupt  on  the  vertical  meters  than  on  the  horizontal,  the 
indication  here  is  that  the  later  shock  waves  came  from  below  rath" 
er  than  from  the  port  side. 

It  seems  possible  to  deduce  the  direction  of  a  velocity  from 
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the  feet  that  bottoming  cm  the  "base  ol  the  meter  is  mcqre.atapt  tint*  - 
that  at  the  top.  V6  oa  the  part  hull  indicates  that  the  first  motfcp.*ht 
the  starboard  hall  was  in  but  after  a  few  milliseconds  the  metUfcwa#  ; 
oat  and  continued  H  that  direction  for  several- hundred  milliseconds  , 

C  apparently  6  inches)  at  which  time  a  strong  pulse  accelerated  the 
hull  out  again.  V6  and  V14  on  the  keel  started- up  an  continued  to  move 
up  far  several  hundred  milliseconds.  VS  and  V9  in  the  superstructure 
were  hung  upside  down.  The  superstructure  therefore  moved  up  for 
several  milliseconds  at  the  start,  The  NRL  vertical  velocity  meters 
show  all  tho  locations  on  equipment  bases  to  have  moved  up  Initially, 

The  alrblast  records  of  the  TMB  velocity  meters  show 
large  velocity  changes  on  structures  exposed  to  the  air  pressure. 

The  transient  vibrations  are  of  lower  frequency  and  the  velocity  changes 
tan  more  gradual  than  those  due  to  waterborne  shock. 

The  putty  gage  G1  adjacent  to  V4  recorded  700g,  which  was 
the  second  largest  putty  gage  reading  of  the  Baker  test.  It  is  note¬ 
worthy  that  this  was  one  of  the  few  hull  putty  gages  at  a  proper  location 
to  record  peak  hull  acceleration.  Accelerations  on  machinery  founda¬ 
tions  were  higher  than  usual,  being  200-260g. 

The  DSM  report  terms  the  shock  moderate.  Many  light  bulbs 
were  broken,  some  machinery  foundation  bolts  were  stretched  though 
no  machinery  appeared  to  be  inoperable,  the  master  gyro  was  laopero* 
tive,  and  much  loose  gear  and  floor  gratings  were  dislodged.  Apparent¬ 
ly  this  shock  was  In  the  vicinity  of  the  lower  limit  of  she  k  which  causes 
damage. 
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VELOCITY  CURVES  OBTAINED  FROM  V1  GAGES 
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VELOCITY  CURVES  OBTAINED  FROM  V1  GAGES 
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APA87  -  NIAGARA 


Putty  Gages 

G1  -  Similar  to  photo  352.  Dry  provisions.  Directed  to  starboard  on 
part  stiffener  flange  56”  below  main  deck  at  frame  58. 

A.  Not  Installed.  B.  less  than  5Cg. 

G2  -  Similar  to  phbto  353.  Ammunition  stowage.  Directed  to  starboard 
on  vertical  stiffening  frame  58,  45”  below  2nd  platform. 

A.  Not  installed.  B.  less  than  50g. 

G3  -  Similar  to  photo  348.  Aft  machinery  space.  Directed  up  on  main 
port  motor  foundation, 

A,  Not  installed.  B.  less  than  50g. 

G4  -  Similar  to  photo  348.  Directed  to  starboard  at  same  location  as  G3. 
A.  Not  installed.  B.  lOOg. 

G5  -  Similar  to  photo  356.  Aft  machinery  space.  Directed  up  on  main 
switchboard  foundation.  On  I-beam  at  starboard  end  of  switchboard  at 
switchboard  deck  level. 

A.  Not  installed,  B.  less  than  50g. 

G6  -  Photo  35#  Aft  machinery  space.  Directed  up  on  port  side  of  main 
generator  foundation. 

A.  Not  installed.,  B.  less  than  50g. 

G7  -  Similar  to  photo  355  Aft  machinery  space.  Directed  to  starboard 
between  generator  and.  turbine  on  main  generator  foundation. 

A.  Not  installed,  B.  3Q0g„ 


COMMENTS 


Baker  Range  9375  ft.  Bearing  201° 

Due  to  the  range  of  this  ship,  the  location  of  G4  and  G7,  and 
the  small,  indentations  in  the  putty,  the  validity  of  these  readings  seems 
questionable. 
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BB34  •  NEW  YORK 
Putty  Gages 

G1 »  Photo  S&8.  General  mess  scullery.  Directed  up  on  channel  bracket 
oh  under  side  of  main  deck  at  frame  98. 

A.  (2)  80g.  B.  50g, 

G2  -  Photo  358.  Directed  to  port  on  web  of  deck  beam  overhead  in  gen¬ 
eral  mess  scullery  at  frame  98. 

A.  (3)  less  than  20g.  B.  less  than  20g. 

G3  -  Photo  359.  Aft  dynamo  room,  compartment  024.  Directed  up  on  • 
deck  of  second  platform  just  port  of  cenlfer  line  at  frame  82. 

*  - 

A.  (3)  less  than  20g.  B.  — 

G4  »  Photo  359.  Aft  dynamo  room,  compartment  024.  Directed  to  star¬ 
board  on  dynamo  foundation  near  G3. 


A6 

G5  -  Photo  360.  Dynamo  condenser  room,  compartment  A- 22.  Directed 
to  starboard  on  brace  of  aft  bulkhead. 

\ 

A.  (3)  less  than  50g.  B.  less  than  50g„ 

G6  *  Photo  361.  Forward  dynamo  room,  compartment  A-39.  Directed 
up  on  deck  near  port  generator  on  second  platform,  at  frame  42. 

A.  (3)  50g.  B.  50g. 

G7  -  Photo  362.  Main  radio  station,  compartment  B-102.  Directed  up 
on  third  deck  on  center  line  of  ship  at  frame  51-1/2. 

A.  (3)  less  than  20g„  -  B.  40g. 

G8  »  Photo  362.  Same  as  G7  except  that  it  is  directed  to  starboard. 

A.  (3)  less  than  20g„  B.  20g. 

Putty  Gages 

G9  -  Photo  362.  Main  radio  station,  compartment  B-102.  Directed  for¬ 
ward  on  deck. 


A.  (3)  30g, 


B  30g. 
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GlO  -  N o  photo.  Starboard  engine  room,  compartment  C-l.  Directed 
to  starboard  on  archway  above  decond  platform  6  ft  starboard  of  cea* 
terllne  at  frame  i04. 

A.  (3)  less  than  20g.  B.  30g. 

Gil  -  No  Photo,  Directed  up  at  same  location  as  GlO. 

A.  less  than  50g.  B.  less  than  50g. 

G12  -  Photo  363.  Radio  transmitter  room,  compartment  0103.  Direct** 
ed  up  on  third  deck  near  center  line  at  frame  101. 

A.  (3)  less  than  20g.  B.  less  than  20g. 

G13  -  Photo  363.  Directed  to  stai  board  at  same  location  as  G12* 

A.  (3)  less  than  20g.  B.  less  than  20g. 

'  * 

G14  »  Photo  363.  Directed  forward  at  same  location  as  G12. 

A,  (S)  less  than  20g.  B.  less  than  20g. 

G.15.-  Photo  364,  Marine  stores,  compartment  D-ll.  Directed  up 
in  hold  on  archway  at  center  line  of  ship  at  frame  120, 

A.  (3)  less  than  20g.  B.  not  recovered. 

Givi  -  Ph..to  365.  GSK  main  issue  room,  compartment  D-17-P. 

Directed  to  starboard  on  vertical  stiffener  of  port  bulkhead  above 
second  platform  at  frame  105, 

/  less  than  20g.  B.  90g. 

G17  «  Photo  366.  5”  shell  and  handling  room,  compar  tment  B-19-MP. 
Directed,  up  on  archway  above  second  platform  at  frame  77-1/2. 

A.  (3)  less  than  20g.  B.  90g.  ' 

G19  -  Photo  367.  Chart  house.  Directed  up  on  deck  near  radar 
armored,  tube  at  navigation  bridge  level  at  frame  51. 

A.  (2)  less  than  20g.  B.  20g, 


TOP  SECRET 


83 


€80  *  Photo  387.  Directed  to  port  at  same  location  as  G19. 

A.  (2)  70g.  B.  30g. 

GSjjfe-  Photo  388.  Mala  battery  control.  Directed  up  on  deck  at  ceater* 
Use  and  frame  51*1/2. 

A.  (2)  less  than  20g.  B.  less  than  20g. 

V 

G22  *  Photo  389.  Directed  to  starboard  at  same  location  as  $21. 

A.  (2)  less  than  20g.  B.  less  than  20g. 

G23  *  Directed  forward  at  same  location  as  G21.  ' 

A.  (2)  less  than  20g,  B.  less  than  20g. 

G24  *  Photo  370.  Radar  platform.  Directed  starboard  cn  web  of 
beam  under  platform  above  main  battery  control  at  frame  54. 

A.  (1)  lOOg.  B.  90g. 

G25  -  Photo  371.  Radar  platform.  Directed  up  cm  deck  of  platform  on 
top  of  centerline  I  beam  support  of  platform  just  aft  of  radar  antenna 
base  at  frame  54, 

A.  (1)  lOOg.  B.  — - 

G26  *  Photo  372.  Surface  lookout.  Directed  up  on,  upper  side  of  flange 
of  overhead  18?s  brace  between  center  post  and  torward-starboard  mem¬ 
ber  of  tripod  at  frame  101. 

A.  (2)  60g.  B.  60g. 

G27  -  Photo  372.  Surface  lookout.  Directed  to  starboard  on  bulkhead 
stiffener  6  ft.  above  deck  just  inside  door  at  frame  100. 

A.  (2)  60g.  B,  30g„ 

G28  »  Photo  373.  Aft  radar  platform.  Directed  up  on  deck  at  frame  97. 

A,  (1)  less  than  20g.  B.  less  than  20g. 

G29  -  Photo  373.  Directed,  to  starboard  at  same  location  as  G28. 

A.  (1)  less  than  20g.  B.  less  than  2Qg. 
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BBS4  -  NEW  YORK  * 

Bee d  Gages 

* 

B^l  »  Photo  SdO.  Dynamo  condenser  room,  A-22.  Directed  te  ituMrd 
stUteUng  bracket  to  part  of  centerline  above  hold  at  frame  47. 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (8)  Bendings  all  zero. 

B.  Fig.  1S4.  .145  .085  .085  .095 

R*2  -  Photo  360.  Directed  up  at  same  location  as  H*l. 

* 

GrapL  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (3)  Headings  all  zero. 

B,  Fig.  135.  .12  .10  .025  ,  045 

•>  \ 

R*8  -  No  Photo.  Starboard  engine  room,  C-l.  Directed  to  starboard 
archway  abovp  second  platform  at  frame  104,  6  ft.  starboard  of  center* 
line. 

rraph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (3)  Readings  all  zero. 

E.  Fig.  136.  .03  .025  .04  .05 

R*4  -  No  photo.  Directed  up  at  same  location  as  R’3. 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (3)  Readings  all  zero. 

B.  Fig.  137.  .155  .145  .02  .06 

R*5  -  Photo  363.  Radio  transmitter  room,  C-103,  Directed  up  on 
deck  near  centerline  at  frame  101.  third  deck. 

V 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A ,  (3)  Readings  all  zero. 

B.  Fig.  138  .125  .11  .03  .025 
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R*6  -  Photo  368,  Directed  to  larboard  at  same  location  as  R*5. 


Grapn ,  20  cps  40  cps 

Up.  Da.  Up.  Dm 

A.  (3)  Readings  all  zero. 

B-  Fig,  139  .025  .026  .01  C 

1**7  -  Photo  363.  Directed  aft  at  same  location  as  R*5. 


Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (3)  Fig.  132  .  026  .045  0  0 

B,  Fig.  140  .  105  .035  .01  .05 

RJ8  -  Photo  264,  Marine  stares.  On  archway  in  hold  at  centerline  of 
ship  and  frame  120.  Directed  up. 

* 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (3)  Readings  all  zero. 

B.  Not  recovered. 


R^  -  Photo  365.  GSK  main  Issue  D-17-P.  Directed  to  starboard,  an 
peart  bulkhead  stiffener  above  second  platform  of  frame  105. 


Graph  20  cps  40  cps 

'  Up.  Dn.  Up.  Dn. 

A.  (3^  Readings  all  zero. 

B,  Fig.  141.  .05  .06  •  .03  .055 

R?10  -  Pho* o  374.  GSK  main  stores,  compartment  D-17-S.  Directed 
to  port  on  starboard  bulkhead  stiffener  above  second  platform  at  frame 
108, 


Graph 

20 

cps 

40 

cps 

Up, 

Dn. 

Up. 

sDn. 

A. 

(3)  Readings  all  zero. 

B. 

Fig,  142, 

.05 

.07 

.045 

.045 

R*ll  -  Photo  366,  b'9  magazine,  compartment  B-19-MP.  Directed  up 
on  top  of  archway  above  second  platform  at  frame  77-1/2. 


Graph 

20  cps 

40 

cps 

Up.  Dn. 

A,  (3)  Readings  all  zero. 

Up, 

Dn. 

B.  Fig.  143. 

.11  .10 

.01 

.03 
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R*12  -  Not  Installed. 

R'lS  »  Photo  368.  Main  battery  pontrol  room.  Directed  up  ou  deck  at 
centerline  of  ship  at  frame  51- 1/2. 

» 

Graph  20  cps  40  cps 

Up.  Dn„  Up.  Dn. 

A.  (2)  Fig.  133  .025  .92  .01  .02 

B.  Fig.  144  .  205  .145  .046  .0*1 

R*l4  *  Photo  369.  Directed  to  part  at  same  location  as  R'l3. 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (2)  Readings  all  zero. 

B.  Records  lost. 

R'lb  -  photo  368.  Directed  forward  at  same  location  as  R'l3. 

Graph  20  cps  40  cps 

Up.  Dn.  Up.  Dn. 

A.  (2)  .01  0  0  0 

B.  Fig,  145  .04  .06  .015  .02 

COMMENTS 

Able  Range  5137  ft.  Bearing  59° 

With  the  exception  of  G8  ard  G9.  the  putty  gages  which  had 
readings  were  above  the  waterline  in  reasonably  exposed  structures. 
Of  the  putty  gages  above  the  waterline,  G20  alone  was  directed  to 
part;  all  others  were  so  directed  that  the  components  of  acceleration 
away  from  the  burst  were  not  measured  .  Therefore,  the  readings 
are  too  tow  to  be  representative  of  the  maximum  shock  aceei-TS" 
tians  on  this  ship. 

The  only  reed  gages  in  the  superstructure  were  I?’ 13.  R,14, 
and  RJ15.  Of  these,  R*13  and  R?15  gave  very  slight  readings.  R*7  had 
slight  readings  in  the  aft  radio  room. 

Baker  Range.  2725  f  t.  Bearing  183° 

Due  to  the  orientation  of  this  ship,  it  is  to  be  expected  that 
the  gage  readings  were  lower  than  they  would  have  been  had  the  ship 
been  broadside  to  the  burst.  D.S.M.  reports  abundant  evidence  of 
shock  particularly  aft  of  the  boiier  rooms,  that,  is,  aft  of  the  G17hR,ll 
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location.  Several  hull  seams  opened  in  the  vicinity  of  G15  and  R*8, 
flooding  the  compartment  in  which  they  were  located. 

All  the  putty  gage  readings  were  under  l.OOg  which  may  seem 
surprising  in  view  of  the  shock  damage.  However,  the  only  putty  gage 
not  on  the  shell  of  a  ship  to  give  a  reading  over  lOOg.  was  the  vortical 
putty  gage  in  the  DD402  superstructure.  Since  the  New  York  putty 
gages  can  be  regarded  as  “lnterior,,gages,  their  readings  are  not 
unusual.  The  existence  of  higher  accelerations  in  the  towers  than 
occurred  at  the  base  of  the  towers  seems  to  indicate  appreciable  air 
blast  This  indication  is  supported  by  the  reed  gage  records. 

The  reed  gage  records  do  not  indicate  any  marked  predomi¬ 
nant  irequencies.  Most  records  are  of  such  low  amplitude  that  the 
probable  error  is  adequate  to accd^rfor ^apparenfpeaks7~  TheTargesT 
20  cycle  reed  deflection  was  .155  inches  and  the  largest  40  cycle  rwed 
deflection  was  .095  inches.  The.sc  are  deflections  which  would  be 
caused  by  instantaneous  velocity  changes  of  2.3  and  2.9  ft./ sec.  re¬ 
spectively,  so  in  terms  of  velocity  change  the  shock  is  considered 
to  be  fairly  low.  .It  is  suggested  that  more  damage  occurred  than 
would  have  occurred  In  a  more  modern  ship  which  would  in  part 
account  for  the  apparent,  discrepancy  between  gage  readings  and 
damage  reported. 
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BB36  -  NEVADA 


Putty  Gages 

G3  -  Photo  375,  Compartment  A-539-E.  Directed  up  on  stiffener  on 
starboard  bulkhead  at  frame  5b,  3?  above  2nd.  platform. 

A.  (3)  Less  than  20g.  B.  90g. 

G4  -  Photo  375.  Same  as  G3  except  directed  to  port  4*  above  2nd  plat* 
form. 

A.  (3)  Less  than  20g.  B.  90g. 

G5  -  Photo  376.  Compartment  A-539-E.  Directed  to  port  on  vertical 
stiffener  on  frame  60  (after  bhd.  of  compartment),  2z  above  second 
platform.  Second  stiffener  starboard  of  port  bulkhead  of  compartment 

A.  (3)  Less  than  20g.  B.  50g. 

G6  «  Photo  376.  Directed  up  34,?  above  2nd  platform,  otherwise,  same 
as  G5. 

% 

A.  (3)  Less  than  20g.  B.  50g. 

G7  »  Photo  3*77.  Compartment  A- 539- E.  Directed  up  on  port  bulkhead, 
stiffener  at  frame  59,  4s  above  second  platform. 

A.  (3)  Less  than  20g.  B.  40g. 

G8  -  Photo  377.  Directed.  j,o  starboard  5*  above  2nd  platform.  Otherwise 
same  as  G7. 

A.  (3)  Less  than  20g.  B.  20g. 

G9  -  Photo  378.  Compartment  A-543-E.  Directed  to  port  on  stiffener 
on  after  bulkhead  of  compartment  (frame  60),  29  starboard  of  ship,  6* 
above  second  pla  tform. 

A.  (3)  Less  than  20g„  B.  20g. 

G10  -  Photo  378.  Directed,  up  751  above  2nd  platform.  Otherwise,  same 
as  G9. 


A.  (3)  Less  than  20g. 


B.  20g. 
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3B36  -  NEVADA 


i  ,  : 

* 


Putty  Gages 

Gil  *  Photo  379,  Compartment  A-327-C.  Directed  up  on  stiffener  on  aft 
bulkhead  (approx.  frame  5b  1/2}  at  centerline  of  ship  10”  above  3rd  deck* 

A.  (3)  60g.  Bo  Less  than  20g. 

G12  »  Photo  379,  Directed  to  port  18”  above  3rd  deck.  Otherwise,  same 
a3  Gil. 


A.  (3)  Less  than  20g.  B,  Less  than  20g. 

G1.3  -  Photo  380.  5”  batter;'  director.  Directed  to  port  on  starboard 
side  14”  above  d  ck  on  transverse  centerline  about  frame  61. 

A.  (1).  $0g.  B.  40g. 

G14  -  Photo'  380.  Directed  up  20”  above  deck.  Otherwise,  same  as  G13. 

A,  (1)  200g.  B.  Less  than  20g. 

G.15  «  Photo  38.1,  Main  battery  F,  C.,  compartment  A-0601-.  Directed 
up  on  starboard,  stiffener,  5*  forward  of  aft  bulkhead.  4*  above  deck. 

A.  (1)  Less  than  20g,  B. — 

G16  -  Photo  38.1,  Directed,  to  port  5*  above  deck.  Otherwise  same 
as  G15. 

A.  (1)  ’  40g.  B.  30g. 

G17  ~  Photo  382.  Compartment  A-0114-L  (mid  ships).  Directed  to  port 
on  starooard.  bulkhead,  stiffener  at  .frame  62,  9s1  starboard  of  centerline 
of  ship  and  3C  above  deck. 

A.  (3)  Less  than  20g,  B.  Less  than  20g, 

G.18  -  Photo  382.  Directed  up  4*  above  deck.  Otherwise,  same  as  G17. 

A.  (3)  Less  than  20g,  B.  20g.' 
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IND ENTER  3 AGES 

i 

Q  l  -  Pho'o  3B3„  #2  Turret,  Starboard  gun.  Belov/  shell  ‘able.  Vertical 
A  .  B 


Up 

1.65g„ 

Up 

4  5go 

Dr.. 

100 

Dn 

50 

Of\0 

l17?) 

po 

85 

1  o  p-  0 

1.90 

90° 

en 

r'  1  ■  e> 

£  i 

325 

180° 

r.  i" 

U-.  ‘ 

3 00  9 

.1.75 

270° 

9*" 
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COMMENTS 

Abie  Range  2376  ft.  Bearing  192* 

Putty  gages  Gil,  G13,  G14,  and  G16  alone  had  readings.  The 
Gil  reading  is  either  spurious  or  not  representative  of  its  type  of  loca¬ 
tion.  G13,  G14,  and  G16  were  on  exposed  superstructure  bulkheads. 

Q,  1  within  the  massive  #2  14”  gune  turret  gives  much  higher  readings 
for  no  apparent  reason.  Damage  due  to  blast  pressure  was  fairly  se¬ 
vere  and  some  shock  damage  was  reported  by  DSM. 

Baker  Range  3100  ft.  Bearing  90* 

The  bearing  of  the  explosion  from  this  ship  was  as  planned. 
DSM  reports  a  fairly  large  amount  of  shock  including  many  loosened 
foundation  bolts,  floor  plates  and  loose  gear  dislodged,  dislodging  of 
finder  relays  in  the  auuomatic  telephone  switchboard,  excessive  spill¬ 
ing  of  the  gyro-compass  mercury,  broken  pipe  hangars,  and  shearing 
of  tne  hold-down  clip  bolts  of  turret  No.'  2. 

Putty  gages  G3,  6,  7,  10,  11,  14,  15,  and  18  were  directed  up, 
G4,  5,  9,  12,  13,  16  and  17  were  directed  to  port,  and  G8  was  directed 
to  starboard.  The  readings  illustrate  very  well  the  decrease  in  peak 
acceleration  with  distance  from  the  starboard  shell.  The  G13  and  G16 
readings  are  probably  due  to  airblast;  the  G18  reading  may  be  due  to 
either  air  or  water  pressure. 

The  tndenter  gage  Q  1  in  the  No.  2  turret  starboard  side  had 
■  maximum  reading  of  90g. 
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BB  38  PENNSYLVANIA 
Indenter  Gages 


Q1  -  Photo  384.  Top  of  aft  Mark  34  director.  Directed  up  on  armor 
plate  top  below  antenna  at  approx,  centerline  of  director. 

A  B 


UP 

150g. 

Not  installed. 

Dn 

25 

I  . 

0* 

85 

90* 

55 

180° 

65 

1 

270* 

90 

Q2  -  Photo  385, 

Starboard  aft  5^/38  gun  turret  Mount  7.  Directed 

on  deck  over  light  deck  beam. 

A 

B 

Up 

70g. 

Up 

245% 

Dn 

30 

Dn 

185^ 

20° 

65 

0* 

310 

110° 

140 

90° 

515 

200  3 

20 

180* 

150 

290* 

35 

270* 

445 

Q.3  ~  Photo  386. 

Directed  up  on  top  of  starboard  Mark 

37  director 

near  base  of  antenna  foundation. 

A 

B 

Up 

60g 

Up 

30g. 

Dn 

25 

Dn 

- 

15* 

45 

70* 

30 

105° 

40 

160* 

15 

195° 

70 

250* 

25 

285* 

50 

340* 

25 

Q4  -  Photo  387. 

Inside  starboard  Mark  37  director. 

Directed  up  on 

top  of  beam  between  control  officer  s  seats. 

A 

B 

Up 

35g. 

Up 

30g. 

Dn 

25 

Dn 

25 

80* 

70 

0* 

30 

170* 

45 

90* 

30 

260® 

- 

180* 

- 

350* 

45 

270* 

25 
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Q  5  -  Photo  388.  Space  A-704.  Main  deck,  directed  down  on  frame  82 
overhead  J.-beam,  15*  inboard  of  starboard  side. 

A  B 


Not  Installed. 

Up 

25g 

Dn 

45 

0° 

20 

90* 

25 

180* 

M 

270° 

20 

Q6  -  Photo  309.  Compartment  C-oOl-MS.  Directed  down  on  overhead 
I-beam,  frame  83,  3rd  deck  in  ammunition  passageway. 

A  B 

Not  installed.  Up  25g. 

Dn  45 

0°  20 

90°  25 

lbO*- 

270°  20 


COMMENTS 

Able  Range  5229  ft.  Bearing  208° 

Indenter  gages  Q.1  and  Q2  had  one  reading  apiece  which  were 
due  to  shock  and  they  are  apparently  free  from  raiding.. 

Baker  Range  3550  ft.  Bearing  132 c 

All  gages  except  Q2  have  very  low  readings.  Q2  apparently 
rattled  under  a  fairly  strong  shock. 
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CA24  -  PENSACOLA. 

Putiy  Gages 

G1  -  Photo  390.  Main  radio  room.  Directed  up  on  deck  42”  inboard  of 
starboard  outboard  bulkhead  at  frame  45. 

A.  (2)  Less' than  20g.  B. 

G2  ~  Photo  391.  Main  radio  room.  Directed  to  port  on  vertical  stiffen¬ 
er  on  starboard  bulkhead  39”  above  deck.  Frame  44. 

A.  (1)  Less  than  20g.  B.  40g. 

G3  -  Photo  395.  Gyro-compass  room,  compartment  A-422-E.  Directed 
up  an  vertical  stiffener  on  starboard  bulkhead,  4*6”  above  deck  at  frame 
43.5. 

A.  (3)  Less  than  20g.  B.  40g. 

G4.  Gyro-compass  room,  compartment  A-422-E.  Directed  to  port  on 
vertical  stiffener  on  starboard  bulkhead,  5* 6”  above  deck  at  frame  43.5, 

A.  (3)  Less  than  20g.  B.  45g. 

Go.  Main  battery  fire  control  room,  compartment  A-0601c.  Directed  up 
on  vertical  stiffener  on  starboard  bulkhead  18”  above  deck,  40”  forward 
of  frame  47. 

A.  (1)  80g.  B.  30g. 

G6.  Main  battery  fire  control  room,  compartment  A-0601C.  Directed  to 
part  an  vertical  stiffener  on  starboard  bulkhead  30”  above  deck. 

A.  (1)  lOOg.  B.  45g. 

G7.  Forward  fire  room,  compartment  B-l.  Directed  up  on  bracket  on 
starboard  inner  bottom,  4’  above  lower  grating  level  at  frame  50. 

A.  (3)  50g.  B.  250g. 

G8.  Forward  fire  room,  compartment  B-l.  Directed  up  on  bracket  on 
starboard  inner  bottom,  4*  above  lower  grating  level  at  frame  50. 

A.  (3)  Less  than  50g,  B.  200g. 
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G9i  Forward  fire  room,  compartment  B-*l.  Athwartships  on  top  of  keal 
aft  of  frame  48. 

A.  (3)  Less  than  50g.  B.  75g. 

G10.  Same  as  G9  except  directed  up. 

A,  (3)  Less  than  50g.  B,  not  recvwered. 

Eeed  Gages. 

E*l.  Forward  fire  room,  compartment  B-l.  Directed  up  on  bracket 
an  starboard  inner  bottom  4'  above  lower  grating  level  at  frame  49. 

i 

Graph  20  cps.  40  cps 

Up  Dn  Up  Dn 

A.  (3)  Eeadings  ail  zero. 

B.  Fig.  14€*:-  .88  .79  .34  .31 


E*2.  Forward  fire  room,  compartme^f  B-l.'  Directed  to  port  on  bracket 
on  starboard  inner  bottom  4’  above  lo\ier  grating  level  at  frame  49. 

Graph  20  cps.  40  cps 

Up  Dn  Up  Dn 

A.  (3)  Eeadings  all  zero. 

B.  Fig.  149. 

B*3.  Forward  fire  room,  compartment  B-l.  Directed  up  on  top  flange 
of  keel  saddle  on  centerline  of  keel  aft  of  frame  48. 

A.  Not  recovered, 

B*4.  Forward  fire  room,  compartment  B-l.  Athwartships  of  top  flange 
of  keel  saddle  on  centerline  of  keel  aft  of  frame  48. 

A.  Not  recovered. 
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Indenter  Gages 


Q1  -  Photo  396. 

Forward  8”  turret. 

Vertical  on  top  of  12”  beam  under 

starboard  shell 

tray. 

A 

B 

UP 

270g. 

Up 

360g. 

'  Dn 

160 

Dn 

280 

70° 

395 

60* 

845. 

160° 

130 

150° 

705 

250“ 

380 

240° 

770 

340* 

485 

330° 

705 

Q2  -  Photo  396. 

Forward  8”  turret 

Athwartships  on  starboard  side  of 

starboard  tray. 

A 

B 

Up 

325g. 

Not  installed 

Dn 

320 

0° 

50 

90° 

145 

180° 

80 

270® 

145 

Q3  -  Photo  397.  Mark  63  director  foundation.  On  starboard  horizontal 
support  6'8”  above  deck.  Deck  above  well  deck  port  side  aft. 


A  B 


lxrg. 

0° 

elev. 

0® 

430g. 

brg. 

62® 

elev. 

12® 

275g. 

»» 

90° 

a 

25° 

260 

a 

90® 

a 

65® 

150 

a 

90° 

a 

-65° 

115 

a 

122® 

a 

22® 

815 

a 

180° 

a 

0° 

405 

it 

208® 

it 

-12® 

330 

a 

270° 

a 

-25® 

170 

a 

270® 

it 

-65® 

225 

n 

270° 

t ) 

65° 

110 

it 

302® 

it 

-22® 

875 

Q4  -  Photo  398.  Mark  33  director  aft.  On  forward  vertical  stiffener 
at  foundation  column  i'll”  above  deck. 


A  • 


Up 

55g, 

Dn 

80 

0® 

70 

90® 

180® 

75 

2m® 

110 

B 


Up 

230g, 

Dn 

260 

0® 

155 

90® 

350 

180® 

160 

270® 

860 
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Q5.  Starboard  Mark  51  director.  On  deck  of  search  light  platform 
over  intersection  of  I-beams. 


A  B 


Up 

225g. 

Up 

210g. 

Dn 

50 

Dn 

180 

80® 

110 

60® 

125 

170® 

90 

150® 

156 

260® 

100 

240® 

125 

350® 

55  • 

330® 

• 

Q6  -  Photo  399.  Aft  mark  33  director.  Inside  starboard  door  on  for¬ 
ward  cross  brace  about  30”  above  deck  of  director. 

A  B 


Up 

55g. 

‘  Up 

60g. 

Dn 

50 

Dn 

45 

70® 

55 

20® 

160® 

40 

110® 

m 

250® 

50 

200® 

40 

340® 

50 

290® 

0,7  -  Photo  400.  Compartment  A-203-1L.  On  deck  just  outside  bar¬ 
bette  wall  of  #1  turret  at  frame  21. 


A 

Not  installed. 


B 


Up 

260g, 

Dn 

190 

60® 

150 

150® 

260 

240® 

90 

330® 

445 

COMMENTS 

Able  Rpage  2694  ft  Bearing  172® 

The  gages  below  the  waterline  had  not  shock  indications. 
G5  and  G6  recorded  80g.  up  and  lOOg.  to  port  on  %e  starboard  bulk¬ 
head  of  the  main  battery  fire  control  tower.  It  is  surprising  that  G1 
did  not  record  a  shock  on  the  starboard  bulkhead  of  the  i^om. 


The  indenter  gage  readings  are  difficult  to  understand.  Both- 
Q1  and  Q2  inside  the  forward  8”  gun  turret  had  high  readings.  The 
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readings  of  the  two  gages  are  not  at  all  ccasistent  with  one  another  in 
indicating  the  direction  of  maximum  shock  though  both  axe  of  the  game 
approximate  magnitude.  It  is  not  clear  why  this  turret  should  have 
such  high  readings.  Q2,  Q4  and  Q5  were  located  externally  on  ordi¬ 
nance  equipment  pedestals.  The  405g.  and  430g.  readings  of  Q3  were 
in  opposite  directions  and  apparently  due  to  rattling  of  the  weight*  It 
seems  reasonable  to  assign  a  value  to  these  locations  of  100  and  250g. 
In  contrast  with  the  readings  inside  the  forward  8 '  turret,  the  reading 
inside  the  aft  mark  33  director  turret  was  not  c*er  55g. 

Baker  Range  2200  ft  Bearing  357* 

The  instrumentation  was  planned  for  exposure  of  the  star¬ 
board  side  to  the  pressure  wave  rattier  than  bow- on  exposure.  Due 
to  the  close  range  of  tills  ship,  there  was  tremendous  shock  damage, 
as  reported  by  DtiS.M. 

Putty  gage  accelerations  in  the  superstructure  and  in  the 
gyro  compass  room  were  about  50g.  D.S.M.  reported  the  gyro-com¬ 
pass  springs  to  be  broken.  G7  and  G8  were  on  the  inner  hull  plating 
and  recorded  250  and  200g.  respectively.  D.S.M.  reported  extensive 
shock  damage  in  the  boiler  rooms  and  machinery  spaces  at  locations 
comparable  to  these  latter  two  gage  locations.  G9,  athwartships  on 
the  keel  saddle  read  75g.  which  is  to  be  expected  since  the  major 
shock  component  must  have  been  vertical  at  that  location. 

The  two  reed  gage  records  recovered  were  R*1  vertical 
and  R*2  directed  to  port  at  locations  comparable  to  G  7  and  G8.  Since 
these  gages  are  of  particular  interest,  the  deflections  of  the  reeds 
and  !the  equivalent  velocity  changes  are  tabulated  below. 


f  cps 

R 

'1 

R* 

2 

R 

>1 

R 

*2 

Up 

Dn 

Up 

Dn 

Up 

Dn 

Up 

Dn 

20 

.88 

.79 

.34 

.36 

9.2 

8.3 

3.6 

3.8 

40 

.34 

.31 

.15 

.20 

7.1 

6.5 

3.1 

4.2 

100 

.145 

.12 

.13 

;is 

7.6 

6.3 

6.8 

8.4 

210 

.08 

.08 

.04 

.05 

8.8 

8.8 

4.4 

5.5 

345 

.025 

.025 

.05 

.055 

4.5 

4.5 

9.0 

9.9 

430 

.03 

.03  v 

.065 

.07 

6.8 

6.8 

14.7 

15.8 

570 

.03 

.04 

.045- 

.05 

9.0 

11.9 

13.4 

14.9 

920 

.03 

.03 

.01 

.015 

14.4 

14.4 

4.8 

7.2 
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The  R’l  and  R'2  frequency  response  curves  are  not  «iwni»» 
In  shape,  though  one  would  expect  them  to  be  since  presumably  the  ' 
gages  were  subjected  to  components  of  the  same  shock  motion*  B*1 
Indicates  exciting  frequencies  of  200  cps.  and  over  1000  cps.,  R#2  In-* 
dlcates  exciting  frequencies  of  100-200  cps.  and  800  cps.  The  only 
simple  explanation,  requires  that  the  point  of  attachment  of  R*1  be 
suffer  than  that  of  R*2  but  this  is  not  completely  satisfactory. 

The  accelerations  of  Q1  are  very  high  but  seem  to  be  due  to 
rattling.  D.S.M.  reports  that  the  turret  in  which  tills  gage  was  located 
lifted  from  its  training  race  by  breaking  the  turret  hold-down  clips 
and  landed  heavily  on  the  race.  Therefore  these  readings  are  due  to 
special  secondary  shock  conditions.  Q3  had  high  readings  also  ap¬ 
parently  due  to  rattling;  Q4  read  860g.  acceleration  to  port  and  350g. 
to  starboard  on^the  base  of  the  mark  33  director  aft.  Q6  Inside  this 
director  read  only  60g.  The  reading  of  Q5  Is  lower  than  those  of  Q3 
and  Q4  and  support. the  writer's  belief  that  the  Q3  and  Q4  readings 
are  not  representative  of  this  type  of  location.  Q?  does  not  seem  to 
have  unreasonable  readings  but  the  impact  of  the  No.  1  turret  on  its 
race  could  have  caused  the  readings. 
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Putfy  Gages 

G1  -  Photo  402.  Pilot  House.  Directed  up  an  longitudinal,  stringer  8" 
aft  of  frame  41,  under  navigation  bridge  deck,  about  18'*  bp  starboard 
of  centerline. 

A.  (1)  iSOg.  B.  40g. 

G2  -  Photo  403.  F.C.  Statical.  Directed  up  an  port  bulkhead  42"  above 
deck  and  24"  aft  of  transverse  centerline  of  fire  control  (mail,  gun 
director). 


A.  (1)  NG  a  Less  than  20g. 

G3  -  Photo  404.  F.C.  Station.  Directed  to  starboard  on  part  bulkhead 
12"  forward  of  transverse  centerline  if  fir  control  station  (main  gun 
director),  60"  above  deck. 

A.  (1)  NG  B.  45g. 

G4  -  Photo  406.  In  pilot  house  of  canning  tower.  On  port  bulkhead 
24"  forward  of  after  bulkhead  of  pilot  house  (frame  4),  4  ft  above 
emergency  platform.  Directed  to  starboard. 

A.  (1)  250g.  B.  Less  than  2Qg. 

G5  -  Photo  407.  Main  radio  room.  Directed  to  starboard  on  vertical 
stiffener  at  frame  45,  5  ft.  above  platform.  Stiffener  is  on  part  bulk¬ 
head. 


A-  (1)  70g.  B.  Less  than  20g. 

G6  -  Photo  407.  Main  radio  room.  Directed  up  cm  vertical  stiffener 
on  port  bulkhead  at  frame  45,  4  ft.  above  platform. 

A.  (2)  50g.  B.  Less  than  20g. 

G7  ~  Photo  408.  Gyro-compass  room,  compartment  A-422-E.  Direct¬ 
ed  to  starboard  on  flange  of  stiffener  on  part  bulkhead  at  frame  y  44, 

5  ft.  above  deck. 

A.  (3)  70g.  *  B.  Less  than-20g. 
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G8  -  Photo  407.  Gyro-compass  room,  compartment  A-422-E.  Direct* 
ed  up  on  flange  of  stiffener  on  port  bulkhead  at  frame  44,  4  ft  above 
deck. 


A.  (3)  Leas  than  20g.  B.  Leas  than  20g. 

G9  -  No  photo.  Compartment  B-l,  Directed  up  on  top  flange  of  keel 
saddle  just  above  I-beam  on  centerline  of  ship  aft  of  frame  48. 

A.  (3)  Less  than  50g.  B,  75g. 

G10  -  No  photo.  Directed  to  starboard  at  same  location  as  G9. 

A.  (3)  Less  than  50g.  B.  Less  than  50g. 

Gil  -  Photo  409.  Forward  flreroom,  compartment  B-L  Directed  up 
on  bracket- on  port  Inner  bottom  at  frame  50,  5  ft  above  lower  grain¬ 
ing  level. 

A.  (3)  Less  than  50g.  B.  Less  than  50g. 


G12  -  Photo  409.  Forward  flreroom,  compartment  B-l.  Directed  to 
starboard  on  bracket  on  part  inner  bottom  at  frame  50,  5  ft  above 
lower  grating  level. 

A.  (3)  Less  than  50g.  B.  Less  than  50g. 


Heed  Gages ' 

E*!,  Compartment  B-l.  Directed  up  on  top  flange  of  keel  saddle 
just  above  I-beam  at  ce.  iter  line  of-  ship  and  aft  of  frame  48. 

Graph  20  cps  40  cps 

Up  Dn  Up  '■  Dn 

A.  (3)  Headings  all  zero. 

B.  Fig,  153.  .305  .245  .055  .055 

v 

E,2.  Direct  to  starboard  at  same  location  as  E,l. 


Graph 

A.  (3)  Fig.  151. 

B.  Fig.  154 


20  cps 
Up  Dn 
.005  .015 
.165  .09 


40  cps 
Up  Dn 
0  0 
.13  .13 
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JfS,  Fsarwwrd  Ifr^raoan,  compartment  B-l.  .Directed  to  starboard  m 
fcradcet  cm  lanar  bottom  aifraw*  50  on.  port  &id*,  about  4.  ffe-fi  • 

ibsTO  lower  grating  lsveL  .  r.  £&\s  <r.,.;;r  sr.i 


Graph 

A.  (3)  Fig.  162 
a  Fig.  156 


20  ep* 
Dp  D* 
.046  *Q3f 
'  .  04  .05 


40c®g 
Dp  J&* 
0.0 
m  .035 


-  \  '  |V  ’ 

R*4.  Forward  ftreroom,  compartment  B-l.  Directed  up  on  bracket 
on  port  inner  bottom  at  frame  51,  about  5  ft*  above  lower  grfctiaff  ■*$£■■. 
levwL 


Graph  20  cpa  40  epa  i  - 

Up  Dn  Up  Dk^4.-.v. 

A,  (3)  Readings  all  zero. 

B.  Fig.  156  .08  .10  .02  .035 

Inri  enter  Gages  s 

Ql.  No.  1,  8”  turret*  Directed  up  cm  fore  and  aft  channel  under  port 
shell  tray, 

A  B 


Up 

125g. 

Up 

190g. 

Dn 

30 

Du 

190 

20* 

75 

Q* 

170 

110* 

75 

90* 

985 

200° 

60 

180* 

150 

290° 

75 

270* 

955 

Q2.  No.  1,  8”  turret.  On  port  shell  tray  about  30”  above  deck.  On 
starboard  side  of  shell  tray.  Directed  to  starboard. 
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Q(3.  Forward  5”  director  (M«k*k  33) .  Normal  to  flange  of  starboard 
aft  rib  of  cylindrical  support  Base. 


-EL 

tos* 

9* 

elev. 

55* 

300g. 

to&- 

38* 

elev. 

19* 

250g, 

}) 

56* 

n 

-28* 

470 

88* 

11 

. 

•62*' 

60 

11 

135* 

»> 

20* 

100 

135* 

11 

20* 

36 

M 

189* 

-56* 

110 

218* 

it 

•19* 

280 

11 

238*- 

28* 

690 

it 

268* 

n 

62* 

165 

M 

315* 

» 

-20  * 

45 

315* 

”  -20* 

60 

Main  Battery  director  (Mark  33).  Inside  starboard  door  of  di* 
rector  on  athwartships  beam  approximately  30”  above  deck  of  di¬ 
rector.  Beam  is  about  18”  aft  of  forward  bulkhead.  Directed  up* 


A  '  B 


Up 

00 

£ 

Up 

120g. 

Dn 

120 

Dn 

55 

0* 

210 

45* 

130 

90* 

90.; 

135* 

165 

180° 

80 

225* 

115 

270* 

190 

315* 

210 

05. 

Starboard  Mark  51,  40  mm  gun  director.  Directed  to  port 

beam  under  director  4  ft  above  deck. 
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COMMENTS 

Able  Range  3054  ft.  Bearing  228* 

G2  and  G3  read  very  high  but  this  was  due  to  the  impact  of  a 
bulwark  as  shewn  in  photo  405  so  the  readins  are  not  reported.  G1 
read  130  jg*' and  was  cm  the  underside  of  the  navigation  bridge  deck 
Which  was  exposed  to  the  external  pressure.  G4  read  250g.  on  2 
rather  light  bulkhead  and  read  70g.  The  G7  reading  of  70g.  to  star¬ 
board  in  the  gyro-compass  room  deep  inside  the  ship  is  surprising 
though  DSM  reports  that  mercury  spilled  from  the  gyro-compass. 
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Since  the  occurrence  of  a  70g.  acceleration  throughout  the  ship  at  lo¬ 
cations  so  remote  from  the  pressure  should  mean  considerable  chock 
damage,  it  is  suggested  that  this  shock  was  real  and  due  to  the  presence 
of  the  footing  of  the  forward  leg  of  the  tripod  mast. 

Other  gaves  below  the  waterline  had  zero  readings  except  the  20 
cps.  reeds  of  K2  and  B'3  ia  the  fireroom  were  slightly  disturbed, 

'  The  Q1  and  Q2  readings  inside  the  No.  1  turret  illustrate  the 
wide  variations  of  readings  obtained  at  locations  only  a  few  feet  apart. 
Q3  and.  Q4  show  higher  readings  on  the  exposed  base  of  the  mark  S3  dl» 
rector  than  were  found  inside-;  tne  director.  This  agrees  with  the  HA24 
readings  on  a  mark  33  director.  Most  of  the  indenter  gages  have  equal 
readings  In  opposite  directions  which  is  presumable  due  to  rattling  of 
the  internal  weight  so  the  readings  are  not  very  reliable. 

Baker.  Raige  3550  ft.  Bearing  132* 

The  instrumentation  on  this  ship  was  planned  for  portside  ex¬ 
posure  to  the  pressure  wave  rather  than  starboard.  DSM  reports 
moderate  shock  effects  in  that  floor  plates  were  generally  displaced, 
the  turbines  were  shifted,  some  valve  stuffing  glands  leaked,  and  some 
electronic  equipment  and  the  forward  AA  directors  were  damaged. 

The  putty  gages  G1  and  G3  were  presumably  affected  by  air 
blast  since  the  only  other  putty  gage  affected  was  G9  vertical  on 
the  keel  saddle  which  read  75g„  The  failure  of  Gil  and  G12  to  give 
readings  illustrates  the  shielding  of  the  port  hull  plating  from,  a  pres¬ 
sure  wave  coming  from  the  starboard,  side. 

The  reed  gage  records  also  illustrate  this  shielding.  The  R^S 
and  R*4  records  on  the  port  inner  shell  have  small  deflections.  Rfl 
vertical  on  the  keel  saddle  has  a  frequency  response,  curve  which 
has  the  appearance  of  the  curve  which  would  result  from  a  strong  vi- 
txratioa  at  about  920  cps.  The  equivalent  shock  for  the  reeds  of  fre¬ 
quencies  below  300  cps.  is  on  the  order  of  3  ft/sec,  impulsive  ve¬ 
locity  change.  R*2  directed  to  starboard  on  the  keel  saddle  had  pre¬ 
dominant  frequencies  at  100  and  600  cps. 

The  indenter  gage  readings  are  presumably  due  to  airblast, 
and  Q2  Inside  the  No.  1  turret  are  not  in  good  agreement.  Q4 
does  not  show  low  readings  inside  the  mark  33  director  in  compari¬ 
son  with  Q3  on  the  director  support.  QS  has  moderate  readings. 
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COMMENTS  CN  CAPITAL  SHIPS 
AMs 

*  Practically  all  gages  registering  shock  wars  oa  or  near  bulk* 
lands  or  decks  exposed  directly  to  the  pressure.  Headings  up  to  250g» 
t»  unity  gages  were  obtained  at  these  locations.  The  readings  farm  a 
pattern  which  is  quite  consistent  with  those  from  other  types  of  Ships; 


The  capital  ships  Instrumented  were  as  a  group  closer  to  the  ex* 
plosion  than  the  other  types.  Extensive  shock  damage  was  reported  hy 
GSM  though  this  may  be  partial^  due  to  the  age  of  the  ships.  The  NEW 
YORK  and  the  PENSACOLA  were  stern- on  and  bow-on  to  the  explosion 
respectively.  The  region  of  shock  damage  on  the  NEW  YORK  in  the  vi¬ 
cinity  of  the  stem  suggests  a  dimunition  of  the  pressure  as  the  wave  > 
progressed  along  the  keel.  This  effect  was  noted  in  the  destroyer  date. 
The  NEVADA  was  broadside  to  the  explosion  and  showed  the  decrease 
of  peak  acceleration  with  distance  from  the  hull. 


/ 
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Navy  Stsadard  Lightweight  IL  L  Shock  Tasting  Mach  Ina 

Fwr  comparing a  with  the  akqbk  data  tram  the  target  ships,  velocity 
neater,  reed  gage,  and  patty  gage  data  hare  bean  obtained  using  the  badk 
blow  m  the  anvil  plate  of  a  standard  H.  L  Shack.  Machine  at  the  Naval 
Research  Laboratory.  These  tests  were  conducted  prior  to  the  medln- 
cattass  xaade  in  May  and  ]a»  1947,  te  those  machines.  Two  gage  loca¬ 
tions  wire  used:  one  was  at  the  center  of  the  4A  plate  where  eqnipwiest 
le  usually  placed  for  test,  the  other  was  at  the  edge  of  the  4A  plate  over 
the  supporting  channel  members  and  therefore  was  net  cushioned  by  the 
flexibility  of  the  1/&"  thick  4A  plate.  The  data  is  presented  In  die 
following  figures: 


Center  Position  Edge  position 


Hammer 

Drop 

VeL,  Meter 

Reed 

Putty 

Vel.  Meter 

Reed  Putty 

S" 

Fig.  187 

m 

Fig  158 

T - * - ^ 

r 

Fig.  157 

FIg.159 

Fig.189 

Fig  158 

FIg.164  Fig.170 

2' 

*■ 

Fig.lQO 

Fig. 169 

- 

Flg.165  Flg.170 

3' 

Fig.  157 

Fig.  161 

Fig.169 

Fig  158 

Fig.166  Fig.170 

.  4' 

- 

Fig.162 

Flg.109 

-  • 

Fig.167  Fl#a170 

5' 

Fig.  167 

Fig.ias 

Fig.169 

Fig  158 

Flg.168  Flg.170 

The  velocity  meters  were  used  without  internal  springs  and  the  initial 
position  of  the  magnet  was  about  1/8  inch  from  the  upper  stop. 
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The  gages  uBBd  wwpe  predominantly  mechanicals*  a  precaution 
lQgB  cf  records  through,  the  actlm  ti  radiation  from  the  feosstaC 
A  large  number  of  gages  had  to  be  made  in  a  relatively  short  time  ami 
there  seas  little  opportunity  for  thorough  evaluation  of  existing  gages  or 
development  of  new  types.  In  several  respects  the  instruments  used 
were  not  wholly  satisfactory.  The  following  brief  criticisms  of  the 
gages  summarize  what  was  learned  through  experience  in  their  use  nod 
the  interpretation  of  thteir  records.  Detailed  discussions  of  gage  theory 
and  accuracy  were  given  in  Section  m. 

The  reliability  of  putty  gages  is  fairly  good  in  that  the  readings 
were  usually  consistent  with  one  another,  but  a  reading  not  apparently 
consistent  with  others  could  not  be  assumed  to  be  correct  *  nor  cttold 
it  be  wholly  disregarded  Due  to  the  difficulty  of  predicting  the  pro- 
Mble  peak  accelerations  and  the  necessity  for  limiting  the  number  of 
Standard  gage  ranges  used,  the  gages  were  capable  of  recording  much 
higher  accelerations  than  was  necessary  in  most  locations.  This  mads 
the  accuracy  of  definition  of  acceleration  undesirably  poor,  particu¬ 
larly  in  the  range  0  to  lOQg, 

The  putty  gage  records  peak  acceleration  of  a  shock  motion 
_  provided  the  duration  of  that  acceleration  exceeds  about  one  milli¬ 
second.  From  the  practical  standpoint  of  equipment  design,  the 
tendency  of  the  gage  to  read  too  low  for  short  duration  accelerations 
is  not  serious  since  few  equipments  are  sensitive  to  tlie  value  of  an 
acceleration  when  its  duration  is  short  However,  this  error  of  the 
patty  gage  may  be  the  reason  for  the  poor  correlation  of  many  reed 
gage  records  with  adjacent  putty  gages. 

The  putty  gage  reading  alone  is  not  an  adequate  measure  of 
shock  since  it  does  aot  Indicate  important  characteristics  such  as 
duration  of  the  acceleration,  transient  vibration  frequencies,  etc. 

By  supplementing  the  readings  with  other  gage  readings  and  certain 
assumptions,  the  putty  gage  readings  yield  some  approximate  design 
criteria.  For  example,  the  long  duration  of  the  pressure  wave  in 
Test  Able  suggests  the  assumption  that  initial  accelerations  will  be 
as  long  as  the  natural  frequencies  of  the  ship's  structure  will  per¬ 
mit  The  periods  of  the  initial  acceleration,  shown  by  the  few  reed 
gage  and  velocity  meter  records  obtained,  were  on  the  order  of  5  to 
25  milliseconds.  This  means  that  the  putly  gage  readings  will  not  . 
be  too  low  and  that  the  readings  apply  within  the  limits  of  their  pro¬ 
bable  accuracy  to  the  design  of  small  equipments  having  natural 
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frequencies  of  vibration  oyer  40  or  200  cycles  per  second,  depending  vp* 
'  on  the  location 

V  . 

The  indenter  gage  is  subject  to  the  serious  criticism  that  YitttU* 
tctry  shock  motions  can  produce  readings  which  may  he  indefinitely  too 
large*  It  is  a  simple  gage  but  should  not  be  used  for  measurement  of 
shock  involving  several  reversals  of  the  acceleration.  The  readings 
of  many  indenter  gages  indicate  that  the  shock  motion  was.  Often  of  a 
vibratory  nature.  The  readings  are  therefore  useful  only  in  showing 
that  the  actual  acceleration  was  some  value  smaller  than  the  reading,  m 

The  reed  gage  is  a  simulated  piece  of  equipment  in  that  it  con¬ 
tains  elements  having  various  discrete  natural  frequencies.  It  demon¬ 
strates  how  much  elastic  distortion  an  element  of  an  equipment  must  be 
designed  to  withstand,  as  a  function  only  of  the  natural  frequency  of  the 
equipment  element.  The  data  can  be  readily  converted  into  terms  of 
how  much  steady  acceleration  the  equipment  element  should  be  able  to 
withstand  as  a  function  of  its  natural  frequency.  Thus  the  reed  gage 
yields  fundamental  data  as  to  the  capacity  of  a  shock  motion  to  produce 
damage  In  equipment  This  damage  is  defined  however  as  a  permanent 
Set  in  ductile  materials  or  fracture  of  ductile  materials,  opening  of  re¬ 
lays,  shipping  of  friction  bonds,  and  other  non-linear  or  inelastic  ele¬ 
ments  may  or  may  not  be  treated  from  reed  gage  data,  depending  upon 
the  individual  case.  Reed  gage  data  does  not  apply  to  the  design  of  e- 
quipment  so  large  that  installation  of  the  equipment  would  change  the 
shock  motion  at  the  point  of  installation. 

A  plot  of  reed  gage  response  can  be  used  to  estimate  the  nature 
of  the  shock  motion,  or  at  least  .to  name  a.  simple  shock  motion  which 
Would  produce  the  same  response  pattern  and  therefore 'be  likely  to  ' 
cause  the  same  damage.  This  ^equivalent  simple  shook”  is  some¬ 
times  more  easily  dealt  with  than  the  original  complex  shock.  The 
worst  feature  of  the  reed  gage  is  .  the  inaccuracy  of  measurement  of 
the  high-frequency  reed  deflections. 

The  velocity  meter  records  all  significant  aspects  of  a  shock 
motion.  Analysis  of  the  record  yields  data  on  acceleration  and  its  dura¬ 
tion,  displacement,  frequencies  of  vibration  present,  and  the  effect  of 
the  shock  upon  elements  of  any  natural  frequency.  The  latter  is  more' 
easily  obtained  directly  from  the  reed  gage.  The  permanent  velocity 
meter  record  permits  construction  of  shock  machine  for  reproduction 
of  the  motion. 

Velocity  meters  of  course  involve  a  great  deal  more  apparatus 
than  the  purely  mechanical  gages.  The  meter  could  be  Improved  by 
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providing  a  positive  means  of  Identifying  on  the  record  the  time*  at 
which  the  magnet  bottoms.  Hard-bottoming  stops  seem  to  be  degtr* 
able  usd  the  jmrlngB  could  be  softer.  Any  decrease  in  the  size  a»d 
weight  of  tfc*  flUtnumeat  weald  improve  its  utility  sad  alien  its  «** 
la  suers  restricted  locations. 

A  shock  displacement  gage  has  the  disadvantage  that  lategffittos 
acsd/cr  dJfferentlatiOMf  its  record  is  necessary.  Its  advantage,  pecal-  4 
Jar  to  the  atomic  bomb  tests,  lay  in  its  not  using  photograph!  ?  record* 
lag  or  falnr.  electrical,  signals  which  might  be  altered  by  ionization  or 
shock.  Sued  precautions  were  apparently  not  necessary  and  the  velo¬ 
city  meter  is  to  be  preferred. 

Due  to  the  fact  that  no  one  type  of  instrument  records  all  Mar- 
matton  of  interest  and  since  some  checking  of  one  instrument  by  aj&9&*_ 
er  is  desirable,  use  of  clusters  of  instruments  was  the  most  aattftfacV 
ary.  A  velocity  meter,  a  reed  gage  and  a  peak-reading  accelerometer 
are  the  recommended  components  of  such  a  cluster. 
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TESTABLE 

Tks  air  prwausw  wav*  of  Teat  Able  wen  of  very  long  durutim 
and  <4  very  loir  peak  pressure  compared  to  tbs  underwater  p iwt 
ixvtt  from  underwater  explosion*.  The  pressure  was  capable  e t  pern* 
dedal  high  acceleration*  only  on  members  which  had  a  high  rati o  «f 
expend  area  to  mass  being  accelerated*  The  actual  pressure  acting 
upon.a  surface  is  a  function  of  the  free-fleld  pressure,  the  angle  of  in^ 
ddsflee  of  the  pressure  ware,  the  motion  of  the  surface,  \hr  “laakagw” 
of  air  pressure  around  the  boundaries  of  the  surface,  and  such  campion 
effect*  as  shielding  asd  reflections  due  to  other  portions  of  the  ship, 
fitch  factors  are  not  within  the  scope  of  this  report  but  are  necessary 
elemeats  of  a  detailed  study  of  the  shock  produced.  Since  such  a  detail¬ 
ed  study  also  requires  knowledge  of  the  masses  and  stiffness  of  the 
structures  involved,  only  a  qualitative  examination  of  the  data  has  been 
attempted.  Some  quantitative  approximations  are  given. 

It  is  necessary  to  distinguish  between  two  types  of  shock  caused 
toy  the  pressure  wave.  These  types  are  commonly  called  “direct  blast 
shock'^and  “indirect  blast  shock”.  Direct  blast  shock  occurs  in  mem¬ 
bers  directly  loaded  by  the  pressure  wave.  Indirect  blast  shock  occurs 
in  members  not  directly  loaded  by  the  pressure  wave.  Equipment  sub¬ 
jected  to  indirect  blast  shock  1s  affected  by  the  motion  of  its  foundation. 
The  equipment  foundation  has,  however,  been  directly  excited  by  the 
blast  In  its  damage  reports,  DSM  terq^s  the  indirect  blast  shock  sim¬ 
ply  “shock”  and  direct  blast  shock  damage  was  called  “blast  damage1”. 
Only  indirect  blast  shock  is  considered  in  this  report  since  the  instrum- 
emtatiar  was  planned  for  measurement  of  motion  characteristics  at  po¬ 
tential  equipment  locations  not  directly  affected  by  the  air  blast 

A  useful  picture  of  the  variation  of  indirect  blast  shock  intensity 
with  location  in  a  ship  can  be  obtained  by  considering  the  effect  of  sud¬ 
denly  applying  a.  constant  pressure  to  an  external  deck  or  bulkhead  of 
a  ship.  At  tee  Instant  of  application  of  the  pressure,  the  only  force  act¬ 
ing  on  the  surface  plating  is  the  pressure.  •  An  acceleration  value,  for 
the  plating  could  be  computed  from  the  pressure  and  the  mass  per  unit 
area  of  the  plating.  As  the  plating  starts  to  move  inward,  it  transmits 
part  of  the  pressure  loading  to  members  to  which  it  is  attached.  These 
members  are  added  to  the  mass  being*  accelerated  and  the  acceleration 
of  the  plating  and  these  members  is  less  than  the  initial  acceleration xof 
the  plating.  As  the  effect  of  the  pressure  progresses  into  a  ship,  metre 
and  more  mass  is  being  accelerated  by  the  external  pressure.  The  peak 
acceleration  of  a  particular  location  is  a  function  of  how  much  mass 
had  to  be  set  into  motion  to  start  acceleration  of  that  location.  It  is  real¬ 
ized  that  this  is  an  oversimplified  picture  of  a  very  complex  phenomenon 
and  xu>  claim  is  made  for  its  technical  accuracy.  It  is  simply  a  working 
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hypothesis  which  was  found  to  agree  with  the  data  to  a  useful  degree  of 
accuracy.  Indirect  blhstShock  could  be  described  as  having  “low  pene¬ 
tration  since  It  was  usually  negiigable  beyond  a  few  feet  from  external 
surfaces. 


Locations  on  a  ship  can'be  classified  in  accordance  with  the  rela¬ 
tive  Intensity  of  shock  to  be  expected  from  the  airblast  of  Test  Able. 
This  has  been  done  for  the  gage  locations  listed  in  Section  IV.  A  lum¬ 
ber  (1),  (2),  or  (3)  immediately  following  the  “A"  in  the  data  for  a  gage 
indicates  in  which  of  the  following  classes  the  gage  location  is  consider¬ 
ed  to  be.  The  numbers  were  estimated  from  consideration  of  the  gage 
location  and  the  bearing  of  the  explosion,  not  from  the  gage  reading. 

Class  (1).  Moderate  to  severs  shock  -  stiffened  diaphragms  not  carrying 
heavy  masses.  This  class  includes  the  average  superstructure  bulkhead 
or  deck  which  is  directly  acted  upon  by  the  pressure.  The  area  exposed 
is  large  and  the  restraining  force  of  the  surrounding  structure  is  negli¬ 
gible  for  the  first  few  milliseconds.  Equipment  mounted  cm  such  a  sur¬ 
face  or  its  stiffening  ribs  will  receive  moderate  to  severe  shock.  Ex¬ 
amples  of  such  locations  at  which  gages  were  placed  are:  hulls  of  de¬ 
stroyers  r  APA’s  above  the  waterline;  external  bulkheads  of  destroy¬ 
er  supply  office  in  the  superstructure;  overhead  in  a  cruiser  pilot 
house;  bulkhead  of  5”  battery  directory  and  of  main  battery  fire  con¬ 
trol  station  on  capital  ships;  etc. 

Class  (2).  Moderate  shock- locations  adjacent  to  the  above  decks  or 
bulkheads  not  requiring  acceleration  of  large  mass  tc  set  these  loca¬ 
tions  into  motion.  Examples  of  such  locations  where  gages  were  placed 
are:  nn  \'-r:  irr  mechanism  case  of  a  mark  33  gun  hired: or  ;  most 
internal  locai_ons  in  the  superstructure  of  a  destroyer  such  as  the  deck 
of  the  C.I.C.  room;  within  the  fire  control  tower  of  a  capital  ship;  etc. 

Class  (3).  Ligh  negligible  shock  -  any  location  not  directly  acted 
upon  by  the  pre  -ore  v/ave  and  which  has  fairly  heavy  structure  or 
masses  between  it  and  exterior  surfaces.  Examples  of  such  locations 
are:  within  the  hull  of  a  ship  more  than  a  few  feet  from  exposed,  sur¬ 
faces;  near  the  main  deck  at  the  centerline  of  a  destroyer  superstruct¬ 
ure;  within  a  capital  ship  superstructure  on  the  order  of,  say,  10  feet 
from  external  surfaces;  etc. 

A  plo^  of  putty  gage  readings  versus  range  is  shown  in  fig. 

171.  Gage  readings  from  class  (1)  locations  are  represented  by  circled 
dots;  class  (2)  locations,  by  horizontal  bars  through  dots;- and  class  (3) 
locations,  by  dots  alone,  A  short  arrow  down  from  a  point  indicates  that 
no  reading  was  obtained  on  the  gage  and  the  point  is  placed  at  the  mini¬ 
mum  setting  he  gage.  The  dotted  curve  “A”  is  copied  from  a  peak 
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pressure  vs.  distance  curve  given  in  the  “Coorctlnator’s  Rep  or*  on  AJbr 
Blast  and  Water  Shock  in  Tests  Abie  and  Baker."  The  pressure  seals 
Is  not  given.  Curve  *‘B"  connects  points  obtained  from  athwartshlps 
gages  on  deck  brackets  near  the  exterior  bulkheads  of  destroyer  C J.C. 
rooms.  Curve  “C **  connects  points  obtained  from  gages  on  the  external 
bulkheads  of  the  supply  offices  of  the  DD404  and  DD408.  No  other  sets 
«f  locations  were  deemed  adequately  similar  to  warrant  connecting  their 
paints  except  the  DIM 04  and  DD408  gages  an  the  hull  frames  5  feet  be¬ 
low  the  main  deck.  The  DD404  reading  of  450g.  at  this  location  is  not 
in  good  agreement  with  that  on  the  DD408  of  less  than  50g.  necr  doerf  it 
agree  with  the  adjacent  reed  gage.  It  should  therefore  be  disregarded. 

Curve  171A  shows  only  the  points  from  class  (1)  pu+ty  gage  loca¬ 
tions.  A  curve  “D”  has  been  added  such  that  the  data  points  are  all 
contained  under  curve  .  Thus  the  equation  expressing  D  in  units 
of  gravity,  namely  D  -  where  d  is  range  in  feet, 

represents  a  maximum  acceleration  that  may  reasonably  be  expected 
at  class  (I)  locations.  This  Is  an  entirely  empirical  result  and  applied 
approximately  to  ranges  from  2500  to  7000  feet  and  all  types  of  ships 
with  the  probable  exception  of  submarines.  The  accelerations  indicated 
by  the  gages  extend  to  frequency  components  somewhat  greater  than 
1000  cps.  It  is  to  be  noted  that  the  pressure  wave  “A”  is  not  greatly 
dissimilar  to  “d”.  The  maximum  acceleration  indicated  may  therefore 
be  said  to  be  proportional  to  the  maximum  air  blast  pressure  for  the 
range  considered. 

Similarly,  the  plot  of  figure  171B  shows  only  the  points  for 
class  (2)  locations  and  indicates  tha'-  accelerations  in  units  of  gravity 
no  greater  than  may  normally  oe  expected.  Again  it  is 

noted  that  the  maximum  accelerations  are  approximately  proportion¬ 
al  to  the  peak  pressure  of  the  blast  wave. 

For  class  (3)  locations,  the  shocks  were  usually  so  small  that 
accelerations  were  bracketed  principally  between  zero  and  the  lowest 
gage  setting  of  20  or  50g.  An  upper  limit  <pf  acceleration,  in  units  of 
gravity  may  be  expected,  to  be  below  ‘7*x,/£A5’  •  Generally 

the  values  will  be  very  much  lower  than  the  figures  calculated. 

Little  can  be  done  to  summarize  and  generalize  the  data  pre¬ 
sented  by  the  reed  gage  over  that  previously  presented  for  the  indivi¬ 
dual  ships  in  Section  IV.  The  effects  of  resonance  of  reeds  with  tran¬ 
sient  vibrations  of  supporting  structures  tend  to  make  for  little  con¬ 
sistency  between  reed  deflection  and  shock  intensity.  This  statement 
does  not  detract  from  the  usefulness  of  the  reed  gage  which  indicates 
in  a  simple  manner  the  damaging  potential  of  the  shock  motion  far  a 
linear  elastic  system. 
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FIG.  171  B 
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A  plot  of  “Averse  of  JO  and  40  C$ele  Reed  Maximum  Deflections** 
versus  range  is  shawm  in  figure  172=  These  values  were  computed  by 
simple  averaging  in  order  to  decrease  deviations  due  to  resonance  of 
either  a  20  or  40  cps  reed.  The  values  indicate  the  amount  of  distor¬ 
tion  to  be  expected  in  low  frequency  structures.  They  indicate  the  de¬ 
flection  of  an  average  shock  mounted  equipments  in  the  mounts  are 
linear  for  all  deflections.  The  dotted  curve  “A”  is  a  copy  of  a  peak 
pressure  versus  distance  curve.  The  line  “b”  connects  points  from 
the  DD404  and  D.D408  gages  on  a  hull  frame  5  feet  below  the  main 
deck.  The  line  <6C”  connects  points  from  the  DD404  and  DD408  gages 
on  the  external  supply  office  bulkhead.  From  line  “c”  the  “response** 
or  deflection  of  the  20  to  40  cps.  reeds  may  be  estimated  to  be  between 
0.8  and  1.5  inches  for  external  bulkheads  of  destroyer  superstructures 
which  were  dished  in  several  inches  for  the  lower  values  and  ruptured 
for  the  higher  values.  The  response  on  light  hull  frames  above  the 
waterline,  as  indicated  by  line“B”,  will  be  up  to  0.5  inches  for  low  fre¬ 
quency  reeds.  Low  frequency  reed  deflections  for  interior  parts  of  the 
ship,  class  (3)  are  generally  less  than  0.1  inch  for  distances  greater 
than  3000  feet  from  the  explosion. 

,  In  figures  171  and  172,  no  emphasis  should  be  placed  upon  wheth¬ 
er  points  are  concentrated  in  a  region  of  high  or  low  readings.  The 
gages  were  placed  largely  in  anticipation  of  Test  Baker  and  their  dis¬ 
tribution  did  not  necessarily  reflect  the  distribution  of  equipment 
susceptible  to  shock. 


A  list  has  been  studied  of  the  references  to  shock  damage  made  in 
a  Do  So  Mo  report  for  Test  Able.  Such  a  tabulation  of  damage  cannot  be 
used,  to  indicate  the  distribution  of  shock  intensity  in  the  fashion  of 
/  gage  readings  because  the  failure  strength  of  these  equipments  are  not 

known  to  the  writer.  However,  with  the  reservation  that  some  shock 
failures  must  have  es  aped  the  notice  of  the  damage  inspection  group, 
the  damage  reports  indicate  to  what  extent  past  design  practice  was  in¬ 
adequate  for  Test  Able  shook.  In  all  instances,  the  shock  damage  re¬ 
ported.  accounted  for  a  very  small  proportion  of  the  damage  to  a  ship. 
Only  a  relatively  few  items  per  ship  were  reported,  to  be  damaged  by 
shock. 


The  SS305  had.  shock  damage  to  more  important  items  than  the 
other  surviving  ships.  This  apparently  was  due  to  its  extremely  close 
range  which  made  the  shock  intensify  within  the  hull  (class  (3)  locations) 
adequate  to  cause  failure  of  a  few  oithe  weaker  items.  However  'the 
total  number  of  shock  failures  was  small  and  shock  damage  could  not 
be  termed,  ‘"'widespread**. 
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On  the  other  ships,  shock  damage  was  scattered  and  frequently 
occurred  on  items  which  were  probably  designed  without  any  consider¬ 
ation  of  shock.  The  only  consistently  mentioned  type  of  failure  was  in 
light  bulbs.  Beyond,  a  range  of  3500  feet,  shock  damage  was  very  slight 
and  confined  largely  to  light  bulbs. 


TEST  BAKER 


Readings  were  obtained  from  shock  gages  datributed  over  a 
large  number  of  ships.  However,  there  were  many  variables  involved, 
such  as  position  of  a  gage  in  a  ship,  type  of  ship,  range,  draft,  and 
heading  of  a  ship,  etc.  Thus  data  was  not  obtained,  for  many  combi¬ 
nations  of  the  above  variables  which  were  of  great  interest,  and  far 
other  combinations  the  data  was  not  very  extensive.  This  was  due  to 
the  uncertainly  in  predicting  the  closest  range  at  which  ships  could, 
be  expected  to  survive,  the  limited  number  of  ships  at  a  given  range 
and  changes  made  in  the  target  array. 

■*, 

The  question  arises  as  to  whether  or  not  the  readings  for  a 
given  ship  can  be  appropriately  altered  to  those  to  be  expected  far 
a  different  range  and  heading  of  the  ship.  There  seems  to  be  hope 
that  tSis  could  be  done  to' some  extent  through  study  of  the  underwater 
pressure-time  records.  This  prospect  i3  based  upon  the  success  of 
the  British  tests  of  the  destroyer  “HMS  Cameron"  in  showihg  the  ef¬ 
fect  of  change  in  weight  of  explosive  charge,  distance  of  the  explosive, 
and  angular  position  of  the  explosive  upon  shock  gage  readings.  The 
conclusions  of  Section  H  of  the  Cameron  Report,  reference  5,  are 
quoted  below. 

“For  explosions  insufficiently  severe  to  cause  permanent 
dishing  of  the  shell  plating  or  distortion  of  the  hall  iramework  the 
constituents  of  the  motion  normal  to  ‘the  shell  plating  which  provide 
a  measure  of  the  liability  of  damage  to  any  object 'an,  ;ii  certain  as¬ 
sumptions  are  made,  be  calculated  with  a  fair  degree  of  accuracy  in 
terms  of  the  following. 

(a)  Weight  of  charge  -  W. 

(b)  Distance  of  the 'explosion.  -  D. 

(c)  Pressure- time  curve  of  main  pressure  pulse  caused 
by  the  explosion, 

(d)  Angle  of  incidence  of  the  path  of  the  pressure  pulse 
on  the  shell  placing  in  the  vicinity  of  the  object  -  ©. 

(e)  The  area  of  shell  plating  from  which  the  object  received 

its  motion,  or  conversely  the  weight  supported  per  unit 
area  of  plating  -  . 

(f)  The  stiffness  of  the  panels  of  shell  plating  -  S}. 

(g)  The  stiffness  of  the  hull  framework  -  Sg  . 

^Observed  results  justify  the  assumptions  used  in  the  calcu¬ 
lations  that  a  vacuum  gap  occurs  in  the  water  near  the  plating  re¬ 
sulting  in  a  certain  amount  of  water  being  entrained  with  the  shell 


116 


TOP  SECRET 


plating  and.  setting  a  limit  to  the  amount  of  impulse  in  the  main  pres^ 
sure  pulse  which  can  act  on  the  plating. 

.  "This  limit  is  usually  caused  by  the  movement  of  the  structure, 
which  depends  on  its  elasticity  and  the  mass  loading,  but  in  certain 
circumstances  there  is  a  curtailment  of  the  effects  due  to  the  arrival 
of  tensile  reflections  from  the  surface  of  the  sea.  The  latter  effect 
is  largely  dependent  on  the  draught  and  while  of  considerable  impor¬ 
tance  near  the  waterline  particularly  for  shallow  explosions  and  hea¬ 
vier  weights  of  charge  it  is  likely  to  be  unimportant  if  the  draught  ex¬ 
ceeds  10  feet,  or  if  the  depth  of  the  explosion  below  the  surface  of  the 
sea  is  more  than  say  one  third  of  its  horizontal  distance  from  the  tar¬ 
get 


approximate  formulae  can  be  derived  for  the  motion  when  cut¬ 
off  depends  on  movement  of  the  structure,  and  comparison  of  these 
with,  the  observed  results  leads  to  the  following  relationships  being 
shown  to  be  approximately  correct  within  the  elastic  limit  of  the  shell 
plating  and  when  diffraction  can  be  neglected. 


Maximum  Velocity  of  Object  = 


S  ,  / 

Maximum  Acceleration  of  Object  =  /BS  •  ^  /  /'/* 

5  Vv  ,  . 

Maximum  deceleration  of  object  =  /So  — <3*  y 
First  peak  of  absolute  displacement  of  object  =  ~  G, 
Where  - - - - -  -  .0  /r 


^The  presence  of  the  term(i.0l5)  which  represents  a  mean  value 
only  is  probably  due  to  the  difference  in  pressure  inside  and  outside 
the  hull  when  a  vacuum  gap  occurs  outside,  but  may  be  connected  with 
the  fact  that  beyond  a  critical  distance  for  any  given  weight  of  charge, 
a  vacuum  gap  is  unlikely  to  form,  hence  the  motion  that  can  be  caused, 
is  very  restricted. 

/rFor  angles  of  incidence  below  30®  say,  objects  near  the  first 
point  of  impingement  of  the  pressure  pulse  in  the  vicinity  may  have 
their  motion  considerable  modified  by  diffraction.  Observed  results 
allow  that  the  formulae  given  above  can  still  be  uaed  under  these  con¬ 
ditions  if  Qj-.  is  substituted  for  where  -  G.  e)  -,o/S 
For  values  m  4-ahove  30®  there  is  little  difference  between  and 
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Only  the  fringe  ctf  the  pla#tlc  range  of  the  shell  plating  could  he 
explored  during  CAMERON  Trials,  and  although  it  seems  probable 
that  the  same  approximate  formulae  should  apply  with  suitable  adjust^ 
meat  of  the  constant  S*  and  possibly  also  of  Sg  >  there  is  not  at  present 
sufficient  experimental  evidence  to  ascertain  what  these  adjustments 
Should  be  in  any  particular  ca sef* 


The  fundamental  quantities  in  the  impingement  of  a  pressure 
puls®  upon  hull  plating,  upon  which  the  reading  of  a  particular  gage  was 
considered  to  depend,  were  the  mass  and  initial  velocity  of  the  water  en¬ 
trained  with  the  shell  plating  from  which  the  gage  location  received  its 
motion*  These  in  turn  depend  upon  the  shape  of  the  pressure- time  curve, 
the  hull  plating,  and  the  angle  of  incidence  of  the  wave  with  the  hull  plat¬ 
ing.  The  shock  factor  obtained  by  the  British  was  applicable  only  when 
cavitation  of  the  water  was  assumed  to  occur ;  it  was  not  applicable  when 
plastic  dishing  of  the  hull  plating  occurred,  and  its  applicability  was  de¬ 
monstrated  only  for  a  destroyer. 

Because  of  the  shift  of  about  90®  in  the  heading  ctf  bow-anchored 
Ships  on  Baker  Day,  a  large  proportion  of  the  gages  were  affected  by 
shell  plating  contacted  by  the  diffracted  wave  front  of  the  direct  pressure 
pulse  from  the  explosion.  Diffraction  of  the  tensile  refLection’from  the 
ship5s  bottom  is  dealt  with  in  the  Cameron  report  but  diffraction  of  the 
positive  wave  front  was  apparently  of  little  interest  in  the  tests,  in 
many  cases  in  Test  Baker,  the  initial  pressure  pulse  travelled  at  graz¬ 
ing  incidence  for  long  distances  along  a  ship5s  bottom  before  reaching 
the  plating  closest  to  a  gage  location.  It  is  suggested  that  the  peak  pres¬ 
sure  in  this  case  and  in  the  case  of  “negative  angles  of  incidence55  would 
be  decreased  by  diffraction  of  the  wave.  An  estimate  of  the  appropriate 
shock  factor  could  probably  be  obtained  by  using  the  method  of  Dr. 

Penny()  gi^en  in  his  Crossroads  report  -  “Reasons  for  Expecting  the 
Peak  pressure  in  Baker  to  Fall  Off  with  Radius  Faster  Than 

The  ships  on  which  all  gages  were  affected,  by  hull  plating  hav¬ 
ing. a  small  or  negative  angle  of  incidence  with  the  initial  pressure 
wave  were:  capital  ships  NEW  YORK,  PENSACOLA,  and  SALT  LAKE 
CITY;  destroyers  390,  402,  403,  404,  406,  408,  and  419;  and  the  APA64. 
The  remaining  ships  from  which  readings  were  obtained  were:  capi¬ 
tal  ships  NEVADA  and  PENNSYLVANIA;  APA5s  65  and  87;  surfaced 
submarines  305  and  384;  and  submerged  submarines  196,  203,  and  335. 

Of  these,  the  PENNSYLVANIA  and  APA87  readings  are  of  little  value. 

The  Cameron  report  and  the  preceding  discussion  indicate  the  the  gage 
readings  on  the  first  shins  listed  above  were  low  compared  to  these  to 
be  expected,  if  the  shlosp headings  had  been  such  that  magjgiujn  angles 
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of  incidence  occurred.  Unless  suitable  correction  factors  for  change  in 
heading  of  a  ship  can  be  applied,  the  majority  of  the  data  will  remain  of 
limited  usefulness.  The  problem  of  correction  factors  for  change  in 
range  of  a  ship  is  of  equk  importance  since  closer  ranges  than  obtained 
for  most  ships  are  of  most  interest 

Another  important  result  might  come  from  study  of  the  pressure* 
time  records.  It  may  be  possible  to  state  whether  or  not  the  problem  of 
designing  equipment  to  withstand  Test  Baker  type  shock  is  significantly 
different  from  that  for  ordinary  explosives.  If  the  pressure  pulses  from 
the  Baker  explosion  and  an  ordinary  explosion  are  shown  to  be  the  same 
in  essential,  characteristics,  the  data  given  in  this  report  becomes  a 
part  of  data  previously  obtained  on  shock  in  ships  and  attention  need 
be  given  only  to  the  portions  of  this  data  likely  to  extend  the  know¬ 
ledge  of  this  subject. 

Test  Baker  was  further  complicated  by  the  numerous  pressure  V 
pulses  which  struck  the  ships.  Air  blast  can  be  shown  to  have  caused 
the  readings  of  same  gages,  but  for  other  gages  it  is  not  certain  whether 
air  blast  or  underwater  pressure  waves  caused,  the  readings.  This  re¬ 
duces  the  value  of  attempts  to  show  the  changes  in  shock  from  micler- 
water  pressure  waves  with  varying  distance  of  a  gage  from  the  hull. 

It  is  stated  in  some  underwater  pressure  reports  that  the  second 
underwater  pressure  pulse  had  more  capacity  to  cause  damage  than  the 
initial  pulse.  The  relative  damage  capacity  of  the  two  pulses  apparently 
varied  with  range  and  depth.  Conflicting  theories  of  the  cause  of  the  second, 
pulse  were  advanced  in  the  early  reports  on  the  subject.  If  the  “water 
hammer"  theory  is  correct,  the  direction  ox  travel  of  the  second  pulse 
may  have  had  a  large  upward,  component..  This  would  produce  a  radi¬ 
cally  different  angle  of  incidence  on  shell  plating  from,  that  of  the  ini-  ■ . 

tlal  pulse.  This  of  course  would  require  evaluation  of  shock  factors  for 
both,  pulses.  Further  discussion  of  this  subject  and  that  of  later  under¬ 
water  pulses  is  not  considered  to  be  necessary.  The  purpose  of  the 
preceding  paragraphs  is  to  indicate  the  factors  outside  of  the  ship's 
structure  itself  which  have  a  profound  influence  upon  the  gage  readings 
and  their  interpretation. 

While  answers  to  some  of  the  more  important  questions  of 
Test  Baker  shock  are  believed,  to  depend  upon  finding  of  shock  factors 
many  observations  can  be  made  regarding  the  data.  Since  drawing 
of  generalizations  from  the  data  was  not  possible  in  many  cases,  the 
data  itself  in  section  IV  contains  information  not  to  be  found  in  any 
attempt  to  reduce  its  bulk.  Comments  on  data  for  each  ship  and  type 
of  ship  were  made  ir.  section  IV  which  represents  the  first  stage  of  re¬ 
duction  of  the  data.  The  observations  in  the  following  paragraphs  re¬ 
present  a  further  reduction  in  size.  The  reader  is  cautioned  that 
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this  was  largely  a  process  of  omission  of  detail  rather  than  Integration 
into  more  concise  form. 

The  patty  gage  and  the  low-frequency  reed  readings  have  been 
plotted  as  in  Test  Able.  Referring  to  figure  173,  it  is  seen  that  the  pat¬ 
ty  gage  readings  on  hull  frame  members  nearest  to  the  explosion  stand 
out  far  above  the  other  readings.  The  &3305  reading  of  2500g.,  the 
APA36  reading  of  700g.,  the  SS384  reading  of  20Gg.  and  the  three  sab- 
marine  readings  connected  by  line  B  represent  the  only  putty  gage  lo¬ 
cations  an  hull  frame  members  with  an  angle  of  incidence  of  the  ini¬ 
tial  pressure  pulse  of  over,  say,  15*  and  their  angles  of  incidence  were 
all  over  60*.  The  line  A  connects  readings  of  identical  portside  hull 
frame  locations  below  the  waterline  on  the  APA's  65  and  64.  The 
explosion  was  to  port  of  the  APA  65  and  to  starboard  of  the  APA64.  For 
a  different  orientation  of  the  ships  the  upper  limit  of  gage  readings  is 
indicated  by  the  few  high  readings. 

Figure  174  shows  a  plot  of  low-frequeney  reed  deflections  ver¬ 
sus  range,  using  the  average  of  20  and  40  cycle  reed  deflections  to  ob¬ 
tain  one  point  per  gage.  Line  A  connects  points  from  reed  gages  on  tor¬ 
pedo  room,  frame  members  on  the  side  closest  to  the  explosion  for  the 
surfaced  submarines  SS305  and  SS384.  Line  B  connects  points  for  the 
same  type  of  location  an  the  submerged  submarines  SSI 96,  SS335,  and 
SS203.  Line  C  connects  points  from  reed  gages  on  the  DD408  and  DD404 
supply  office  bulkheads.  The  latter  readings  are  due  to  airblast.  The 
submarine  reed  gages  were  the  only  ones  on  hull  frame  members  with 
angles  of  incidence  of  over,  say  20°. 

The  Test  Baker  reed,  gage  frequency-response  curves  indicate 
the  major  excitation  to  be  due  to  an  acceleration  pulse  on  the  order  of 
2  milliseconds  or  less.  The  implications  of  this  statement  require  many 
qualifications.  First,  records  in  general  were  obtained  at  locations 
close  to  the  hull  sc  the  low-pass  filter  effect  of  the  ship's  structure 
was  not  observed  -  Many  gages  had  high -frequency-  reed  deflections 
little  longer  than  the  probable  error  in  their  measurement  so  a  peak 
in  the  frequency-response  curve  at,  say,  600  cps.  could  easily  be  missed. 
The  initial  pulse  records  on  the  APA65  velocity  meters  near 
the  hull  also  show  an  initial  acceleration  period,  of  2  milliseconds  or 
less. 


Limited  deflections  were  indicated  on  the  submarine  and  APA65 
hull,  frame  gages.  These  gages  were  on  side  frame  members  closest 
to  the  explosion.  The  submarine  data  consists  of  reed  gage  records 
and  the  effect  is  most  noticable  on  the  SS305  where  a  peak  accelera¬ 
tion  of  over  2500g,  resulted  in  a  deflection  of  less  than  .10  inch.  The 


TOP  SECRET 


120 


TMB  velocity  meters,  V0  and  V12,  on  the  hull  of  the  APA05  show  an  in¬ 
ward  deflection  of  the  hall  frame  of  .15  and  .12  inches  respectively  dae 
to  the  initial  acceleration  and  an  equal  deceleration  which  brought  the 
frame  to  rest.  Velocity  meters  on  the  APA05  keel  top  did  not  show 
this  sudden  stopping  elfect.  The  reason  for  this  limited  deflection  is 
not  clear  although  several  hypotheses  might  be  advanced  to  account  for 
it.  If  cutoff  severely  reduced  the  mass  of  entrained  water  on  the  hull 
plating,  the  sudden  stop  simply  represents  the  stopping  time  of  the  hull 
frame  discussed  in  the  Cameron  Report.  Application  of  a  load  to  hull 
plating  some  feet  away  from  the  gage  location  can  result  in  an  outward 
motion  at  the  gage  location.  The  sequence  of  pressure  application  to 
the  hull  may  have  been  such  as  to  produce  an  outward  acceleration  due 
to  this  effect.  Failure  of  the  water  to  cavitate  would  cause  only  limited 
deflection  of  the  hull  plating. 

Because  of  the  evidence  of  the  APA05,  it  cannot  be  concluded  that 
motion  of  all  parts  of  the  submarines  was  less  than  .10  inch.  It  hi  pos¬ 
sible  that  this  limited  deflection  effect  represents  a  difference  between 
Test  Baker  and  ordinary  shock;  the  writer's  knowledge  of  available 
shock  records  is  too  small  to  justify  a  positive  statement. 

There  are  many  illustrations  in  the  data  of  the  decrease  In  readings 
due  to  diffraction  of  the  pressure  wave  front.  The  Salt  Lake  City,  the 
APAG5  and  APA64,  the  SS335  and  the  destroyers  all  show  that  lower 
readings  are  Lo  be  ejected  on  the  side  of  the  hull  away  from  the  ex¬ 
plosion.  The  evidence  to  show  that  shock  decreases  as  the  wave 
passes  along  the  keel  of  a  ship  stem-or  bow-  to  the  explosion  is  not 
conclusive.  It  can  only  be  stated  that  this  was  die  Impression  which 
the  writer  obtained  from  the  New  York  and  the  destroyer  data. 

The  implication  of  the  preceding  paragraph  is  that  the  under-  * 
water  pressure  pulse  which,  caused  the  nan-time-reeording-gage 
readings  travelled  at  a  low  angle  to  the  horizontal.  While  the  Nevada 
putty  gage  readings  support  this  view,  the  APA65  velocity  meters 
do  not  whoi  ly  agree  with  this.  In  the  discussion  of  the  APA65  data, 
it  appeared  that  the  shock  occurring  .21  and  .24  seconds  after  the 
initial  shock  caused  larger  velocity  changes  at  some  gage  locations 
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than  *he  Initial  shock.  The  pattern  of  the  gage  locations  and  the  ve¬ 
locity  changes  was  shown  to  indicate  that  the  two  later  shocks  were 
dne  to  pressure  pulses  from  below.  ISie  Initial  pulse  showed  a  di¬ 
rection  of  propagation  nearly  horizontal,  as  expected. 

A  question  of  possible  tactical  Importance  is  whether  or  not  the 
bearing  relative  to  a  ship  of  the  explosion  in  a  Test  Baker  type  at¬ 
tack  has  a  significant  influence  upon  the  damage  to  that  ship.  The 
data  in  this  report  is  only  a  fragment  of  that  necessary  to  answer 
tola  question,  but  the  impression  of  the  writer  is  that  a  ship  bow¬ 
er  stem- to  the  explosion  is  likely  to  suffer  less  total  damage  than  one 
broadside  to  the  explosion.  The  question  probably  is  applicable  to 
Test  Able  but  the  data  of  this  report  is  considered  to  be  of  little 
value  to  such  a  study. 

The  time-recording  instruments  on  the  DD404,  DD408  and  APA65 
showed  the  excitations  due  to  the  wave  through  the  coral,  the  direct 
underwater  pressure  wave,  the  later  underwater  pressure  waves  and 
the  air  blast.  A  remarkably  constant  period  between  successive 
underwater  shocks  is  observable  in  some  of  the  velocity  meter 
records.  These  records  might  be  useful  as  a  supplement  to  under¬ 
water  pressure-time  records. 
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VL  CONCLUSIONS. 


TESTABLE. 

A  designer  who  has  familiarized  himself  with  fhis  report  can 
estimate  the  Intensity  of  shock  at  any  particular  lo  atlan  an  a  ship 
subject  to  a  Test  Able  type  attack. 

The  indirect  shock  damage  caused  by  Test  Able  is  minor  relative 
■  to  the  damage  from  direct  blast.  The  indirect  shock  damage  is 
usually  limited  to  regions  close  tr  surfaces  exposed  directly  to  the 
air  blast.  Shock  damage  was  usually  confined  to  a  relatively  small 
proportion  of  equipments  which  apparently  were  below  average  In 
shock  resistance. 

The  range  beyond  which  shock  damage  appeared  to  be  negligi¬ 
ble  was  3500  feet.  On  many  ships  at  less  than  this  range,  the  shock 
damage  was  of  very  minor  importance. 

The  maximum  acceleration  oe  curing  to  external  decks  and  V  ilk- 
heads  can  be  very  approximately  stated  as  being  less  than : 


units  of  gravity. 


The  maximum  accelerations  occurring  on  decks  and  bulkheads 
adjacent  to  the  above  locations  are  less  than: 


s>/  z ) 


units  of  gravity. 
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The  maximum  accelerations  occurring  at  more  protected  interior 
parts  of  a  ship  are  generally  much  less  than: 


'?  x  f  o 


units  of  gravity. 


The  accelerations  are  composed  principally  of  frequency  com¬ 
ponents  up  to  several  thousand  cycles  per  second  and  d  is  the  dis¬ 
tance  hi  feet  of  the  ship  from  the  explosion. 

The  deflections  of  single-degree-of -freedom  systems  (20  to  40 
e.p.s.)  are  generally  less  than  0.2  inch  for  interior  locations  in  a 
ship.  For  exposed  locations,  the  deflections  may  extend  to  nearly 
2.0  inches. 

TEST  BAKER. 


The  shock  motions  of  most  interest  in  Test  Baker  were  caused 
hy  underwater  pressure  pulses  of  positive  durations  of  a  few  milli¬ 
seconds  or  less.  Since  underwater  pressure  pulses  from  ordinary 
explosives  have  durations  of  the  same  order  of  magnitude,  it  was 
expected  that  in  general,  the  shock  motions  wound  be  similar  for  the 
two  types  of  explosion.  This  was  the  case  in  that  orders  of  mag¬ 
nitude  of  readings  and  time  effects,  and  charge  in  snook  with  po¬ 
sition  in.  a  ship  were  approximately  the  same  for  Test.  Baker  and 
previous  shock  tests.  It  does  not  seem  possible  to  state  from,  this 
data  alone  whether  the  shock,  design,  problem  for  Test  Baker  is 
essentially  the  same  as  for  ordinary  explosives. 


It  was  stated,  in  section  W  that  a  method  for  scaling  shock 
gage  readings  obtained  to  those  which  would  have  occurred  with 
different  orientation  and.  range  was  necessary.  Without  such  a 
scaling  method.,  much  of  the  data  is  of  limited  value.  Many  ships 
were  not  headed,  as  planned  in  the  target  array,  with  the  conse¬ 
quence  that,  a  considerable  number  of  gages  were  on  the  shielded 
side  of  a,  ship.  There  were  few  ships  instrumented  at  the  range 
which,  turned  out  to  be  the  closest  range  of  interest.  It  is  hoped 
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that  sealing  methods  can  be  devised  by  analysis  of  the  underwater 
pressure-time  records. 

The  time-recording  Instruments  showed  the  arrival  of  the  suc¬ 
cessive  pressure  waves  and  may  he  of  interest  to  groups  studying 
these  waves. 


